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NO. TEN OF A SERIES 
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; \V | \\ 
Cook Research Laborat« Rr SA \ } 
a Division of Cook El fh ha’ \ A j 
conducted atmospheric 1 have me i a 
resulted in a workable dsign ata processing ~ y 
equipment, using the new form of universal a / 
records developed by this:post-war pioneer in } ' 
laboratory gesting techniques. Y 
Miniature Precision Bearings 
incorporated, are the originators and pioneer developers of radial ball 
bearings An miniature sizes. More than twenty years ago, MPB engineers devel- 
op¢d th¢ first miniature radial ball bearings with ground races. From an origi- 
nal grgup of five ball bearings, mpsB has developed a comprehensive line of 
fore than 130 types and sizes, many of which now form the basis for inter- 
/ — standardization. 
/ 
/ ‘bhousands of contemporary problems involving space, weight, and friction 
/ are being solved by the extensive variety of mes ball bearings. They are fully 
/ ground, lapped, and/or honed to ABEC 5 tolerances or better. mp ball bear- 
/ ings are torque tested, ultrasonicly cleaned, supplied in specific tolerances and 
7 classified within the tolerances for prompt assembly and maximum service. 
/ mpB ball bearings are normally supplied in 10 series, from 1/10” to 5/16” o.d., 
o of high carbon chrome bearing steel. Most are supplied in stainless steel, some 
in beryllium copper, and all are assembled with best quality balls. 
The wealth of engineering knowledge gained through participation in more 
than a million applications is available. Call on us for assistance, also request 
new catalog 53 and supplementary data sheets TR6. 
Because of recent plant expansion, our facilities permit us 
lo schedule prompt delivery of most sizes. We would welcome 
the opportunity to quote on your specific requirements, 
Cra 
} . « _ ° . a 
L/ iniature precision Bearings 
Incorporated ¥, Keene, New Hampshire 
- " save 
“Dioneer Precisionists to the World's foremost Instrument Manufacturers” space 
weight ; 
friction 
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WITH THE RIGHT ABRASIVES 


Your men can have the 


“TOUCH of GOLD” 






The “Touch of Gold” is the “‘engineered in’’ su- 
periority of Norton and Behr-Manning Abrasives. 
They help your men do better, more accurate, more 
productive work because they are the best abrasive 
tools for every grinding and finishing application. 
With Norton and Behr-Manning Abrasives your men 
have the true “Touch of Gold” which adds value and 
profit to every grinding job. 

Norton Company, Worcester 6, Mass. 


Behr-Manning Corporation, Division of Norton, Troy, N. Y. 
Plants, distributors and dealers the world over. 





A “Touch of Gold.”” A new G Bond Norton Wheel on a Norton A “Touch of Gold.” Behr-Manning’s RESINIZED® METALITE® 
Crankpin Grinder finishing a giant diesel locomotive crankshaft Cloth Belt is being used to polish contours on wood chisels. Fast, 
+... gives the operator the “Touch of Gold.” smooth, profitable ... gives workers the “Touch of Gold,” 


Gilaking better products to make other products better 


«arom NORTON A\ BEHR-MANNING 
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on 3 “yas 


by GRAVER 


“= CONSTRUCTION CO. 


Here’s an easy way to rid yourself of pipeline station 
headaches—turn the job over to Graver Construction Co. 


From material procurement to final inspection, 

all details are handled by Graver, assuring you complete 
service—one source of responsibility—and, above all, 
delivery on schedule. 


Graver Construction Co. has a wide background of 
experience in building pipeline stations for crude, product 
and natural gas. Specifications are rigidly followed, 

and every detail of construction is carefully controlled. 
These factors, combined with traditional Graver quality 
workmanship, have led those concerned with efficient 
pipelining to turn the job over to Graver. 


GRAVER CONSTRUCTION CO. 


332 S. MICHIGAN AVENUE, CHICAGO 4, ILLINOIS 
NEW YORK * HOUSTON 


A Division of 


GRAVER TANK & MFG.CO.INC. 


PIPELINE STATION CONSTRUCTION East Chicago, Indiana 
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March 4, 1953 


Phelps-Dodge Copper Products Company 
40 Wall Street 
New York, New York 


rentlemen: 


The Styroflex co-axial cable installation at KPIX has 
proven its worth to us. As you know, where even short out- 
ages occur, both maintenance headaches and loss in station 
revenue are the results. 


We at Television Station KPIX are certain your cable 
ill be as free from leaks or junction difficulties in the 


future as it is today. 


Engineers should be especially interested to know 
that an over-all standing wave ratio of 1.02 was obtained 
on Channel 5. Only five pounds of dry air pressure was 


usede 


It is my belief that Styroflex cable will find many 
ipplications because of its ease of rapid installation. 
It seems within the realm of actuality to use this cable 
for powers of several hundred kilowatts, replacing certain 
open wire transmission lines. 


ee 


I am personally convinced that Styroflex co-ax has a 
real and important future. 


Very sincerely, 
ot: Be eae Ra 
A. E. Towne 


Director of Seghooering } 
KPIX, KSFO, D 
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AFFILIATED WITH CBS TELEVISION NETWORK 





@ The properties of this cable can 


help r ‘ 
Our engineering, P reduce your operating costs, 


, ; “eee : 
Production and application experiences are at your service 


PHELPS DOOGE COPPER PROQUETS 


CORPORATION 


40 WALL STREET, NEW YORK 5, N.Y. 















The opportunity will be extended to local 
Sarmers to graze sheep on the 125-acre 
natural gas storage field located ten miles 
north of the District of Columbia 























Picture of a NATURAL GAS STORAGE FIELD 


Many 
. ~~ : aa , large 
— faced with the problem of mixing equipment, giving the Company, in  } chee 

) prob! 


increased peak demands for natural gas addition to its other facilities, the equivalent 3 
an 


ae TE be 


beyond normal supply capacity, as well as of 100 million cubic feet of gas available for | Tyu-1 
providing stand-by capacity, can benefit from stand-by and peak shaving. — 
Stone & Webster Engineering Corporation’s The new Washington Gas Light Company storage fieldis | Web 


one of a number of high pressure pipe gas storage fields that 
Stone & Webster Engineering Corporation has designed and = §_ easil 


expo 


knowledge in this field. 


For the Washington Gas Light Company built for its clients. occu 
‘ ° , . The Corporation has also designed and built gas com- emp’ 
the Engineering Corporation designed and con- pressor stations, and has made studies for clients on peak Wal 


structed underground high pressure natural gas shaving problems involving catalytic reforming of hydro - syste 
carbons, natural gas liquefaction and other processes. 


ee : , in fr 
storage facilities with propane storing and This broad experience is available to the gas industry. ‘ 
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STONE & WEBSTER ENGINEERING CORPORATION, 


BADGER PROCESS DIVISION | 
AFFILIATED WITH E. B. BADGER & SONS LIMITED 


: 
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Clyde L. Lyon School, Glenview, Illinois. Walvector in special enclosures along entire walls 
of windows assures comfort regardless of outside temperatures. Photo by Hedrich-Blessing. 


Perkins and Will, nationally known Architects and Engineers, 


specify “perimeter” heating for comfort and economy... . 


Many schools designed by this Chicago firm feature 
large glass areas, for beauty, better vision and more 
cheerful classrooms. To off-set resulting heating 
problems, the consulting engineers, E. R. Gritschke 
and Associates, have specified Webster Walvector 
Tru-Perimeter Heating for comfort and economy in 
many of the Perkins and Will schools. 


Webster Walvector gently and evenly warms the 
exposed walls of the building. Heating-up is quick, and 
easily controlled. Buildings can be heated just before 
occupancy and the heat lowered as soon as they are 
empty. No blowers, fans or filters are used. Webster 
Walvector uses less piping than conventional radiator 
systems. There’s no expense to conceal unsightly pipes 
in furred walls or trenches, no complicated run-outs. 


Webster Walvector may be used in new construction 
or modernization with forced hot water or low pressure 
steam. See the Webster Representative for complete 
details, or write us. 


Address Dept. TR-6 
WARREN WEBSTER & COMPANY 


Camden 5, New Jersey : : Representatives in Principal Cities 
In Canada, Darling Brothers, Limited, Montreal 


CL) elal@ie 
WALVECTO 


REG. U. S& PAT. OFF. 


For Steam or Hot Water Heating 


Left below: Teacher’s lounge in Technical Building, Evanston Town- 
ship High School, Evanston, Illinois. The exposed walls are heated 


with Webster Walvector painted to match wall color. 
Hedrich-Blessing. 
Right: Library in Cascades Elementary School, Jackson, 


Auditorium and gymnasium, in separate wings, are available 


community use without opening the school proper. 
ale RMS Ey. 
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INTEGRATED 
ENGINEERING 


FOR THE 
CHEMICAL 
INDUSTRIES 








t 
PRELIMINARY EVALUATIONS ' 
DEVELOPMENT AND PILOT PLANTS 
PROCESS DESIGN AND ENGINEERING 
i 


PROJECT ENGINEERING 
MECHANICAL ENGINEERING 
PROCUREMENT 
CONSTRUCTION 

INITIAL OPERATION 


You will benefit by having all work and respon 
sibility undertaken by one organization. Vulcan 
Engineering Division can handle your project from 


beginning to end under a single contract. 





VULCAN ENGINEERING DIVISION 


~ 
/he VULCAN COPPER & SUPPLY CO., General Offices and Plant, CINCINNATI 2, OHIO 


NEW YORK BOSTON * PHILADELPHIA SAN FRANCISCO 
VICKERS VULCAN PROCESS ENGINEERING CO., LTD., MONTREAL, CANADA 


DIVISIONS OF THE VULCAN COPPER & SUPPLY CO.: 
VULCAN ENGINEERING DIVISION @ VULCAN MANUFACTURING DIVISION @ VULCAN CONSTRUCTION DIVISION @ VULCAN INDUSTRIAL SUPPLY DIVISION 
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You have to go 


Almost all cables look alike on the outside. You 
have to go inside the jacket to the insulation if you 
want to see how good the .cable really is. In power 
cables it’s the insulation that makes the difference. 
This fact may be borne out in years of service or as a 


result of rigorous laboratory tests. 


When you put a cable underground you don’t want 
to dig it up again in a couple of years because it failed 
from water-absorption. Inside this cable you will find 
insulated conductors that can take continuous soak- 
ing over a long period of time and yet retain their 


physical and electrical properties almost unchanged. 


Whatever your installation conditions, use Simplex- 
ANHYDREX Insulated Cables. They are made for 
installation as aerial cables or underground in ducts 
or direct burial. For more information write to the 
address below. 





WIRES & CABLES 


/ 
26. 
Ou 


SIMPLEX WIRE & CABLE CO., 79 Sidney St., Cambridge 39, 
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Design your own e 
Precision ieatiiis ae 
Fixtures... id 


\. . around this 
Gage Head 
Cartridge 


Siemens by .0001" —.00001” 


Compact, shock-proof, and moisture- 
proof, this inexpensive Brown & 
Sharpe Gage Head Cartridge No. 953 
gives you a simple means for design- 
ing high precision into your own 
gaging fixtures. Plugs into No. 950 
Electronic Amplifier which gives 
readings in .0001” to .00001”... 
only one master required for setting. 
Cartridge has frictionless action, 
adjustable measuring ressure, and is 
ideal for inspection } or emg jigs fix- 
. tures, and machines. Write for Bulle- 
tin. Brown & Sharpe Mfg. Co., 
Providence 1, R. I., U.S.A. 


BUY THROUGH YOUR 
LOCAL DISTRIBUTOR 


Brown & Sharpe 


WALTHAM 


Wa 
'%; Roy 
N 


Research and development opportunities abound 
in the great and growing fields of 


RADAR KLYSTRONS 
ELECTRON TUBES TRANSISTORS 
CATHODE RAY TUBES SERVOMECHANISMS 
COMMUNICATIONS COMPUTERS 

GUIDED MISSILES ULTRASONICS 
MAGNETRONS UNDERWATER SOUND 





PRODUCTION, 
QUALITY CONTROL, DESIGN, AND AUTOMATION 





BOOKLET — picturing and describing the many and varied Raytheon 
career Opportunities may be picked up at the M.I.T. Placement Office, 
Room 1-173, or will be mailed on request. 


RAYTHEON MANUFACTURING COMPANY 
WALTHAM 54, MASSACHUSETTS 








THE TABULAR VIEW 


Industrial Management. — As its first full year of 
operation draws to a close, E. P. Brooks, 17, Dean off 
the School of Industrial Management, reviews the 
hopes, objectives, and accomplishments of the Insti- 
tute’s newest school (page 419). In establishing the 
School of Industrial Management, Dean Brooks and 
his associates have aimed to develop future leaders 
of industry who have a good basic background in 
science and engineering. Dean Brooks is a graduate of 
the Institute’s Course in Business and Engineering 
Administration which now forms part of the new 
School. He has had a distinguished career in business, 
holding executive positions with American Cotton Oil 
Company, Montgomery Ward and Company, United 
States Steel Corporation, and serving Sears Roebuck 
and Company for a quarter of a century. From 1938 
to 1951 he was vice-president in charge of factories, 
and from 1941 to 1952 was a director of the Chicago 
mail order firm. From 1949 to 1951, Dean Brooks was 
chairman of the Committee on Equipment and Mate- 
rials, National Research and Development Board, and 
in 1945 was vice-deputy in charge of the American 
Mission to China for the War Production Board. 

Nuisance Electricity. — In the May issue of The 
Review an article on the “History of Static Electricity” 
by Sipney M. EpeLsTe1n, 32, developed the principal 
points of progress in early electrical science. Mr. Edel- 
stein concludes his two-part article with a discussion 
of the role of static electricity in the textile industry, 
and methods which are being used to combat its an- 
noying characteristics (page 425). That there are prob- 
lems worthy of any engineer's attention will become 
evident by Mr. Edelstein’s recital of devices which 
have been us«.! in the past to eliminate static. Mr. 
Edelstein is tec!.nica! director of the Dexter Chemical 
Corporation. He has an extensive personal collection 
of great works, d. «uments, and letters in the history of 
science, which ha; been put to good use in the past 
few years, in his positiou as secretary for the Division 
of History of Chemistry of the American Chemical 
Society. 

Mechanical Resurgence. — The resurgence now 
taking place in nearly all branches of mechanical en- 
gineering is reflected in undergraduate training it 
this profession. In this issue (page 429) C. Riciarp 
SODERBERG, '20, Professor of Mechanical Engineering, 
emphasizes the ways in which an extended program 
of graduate study, intensive research on problems of 
real value, and close contact with leaders in industry 
all act to benefit the undergraduate curriculum in 
Mechanical Engineering at the Institute. Professor 
Soderberg was graduated from Sweden’s Chalmers 
Institute of Technology in 1919, and received the 
honorary degree of doctor of technology from that 
institution in 1951. He also received the B.S. degree 
from M.I.T. in 1920. After nearly two decades of en- 
gineering work in industry, Professor Soderberg re- 
turned to the Institute in 1938 as a member of the 
Department of Mechanical Engineering. He became 
head of that Department in 1947. 

(Concluded on page 410) 
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UNIQUE 


PROTOTYPE 
DEVELOPMENT 


Designing expansion engines 
for gas liquefaction equip- 
ment to operate at four hun- 
dred and fifty degrees below 
zero Fahrenheit has its prob- 
lems — lubrication is just one, 
contamination and isentropic 
efficiency, some others. Ex- 
perience in many areas of 
engineering metallurgy and 
physics enabled ADL to de- 
sign and produce expansion 
engines which greatly ad- 
vanced this art. 

ADL has the range of experi- 
ence to develop such unique 
prototypes and world wide 
reputation for doing it suc- 
cessfully. 


Pierce Siri tera 


HERMODYNAMICS - HEAT TRANSFER - REFRIGERATION TO MINUS 456°F. - VACUUM ENGINEERING - GAS LIQUEFACTION - ELECTROMAGNETISM - MECHANICAL DESIGN - VIBRATION 


Write for Brochure rr 18-1 


MECHANICAL 


Arthur D Little, Inc. 


CREATIVE TECHNOLOGY SINCE 1886 





ae using VTLALLE RELA 





DIVISION 


& nginee AD og Techn (yues 


New ADL Mechanical Division Building 





F lack of personnel 

has halted development of your new 

ideas or new products, the 

PN 0) Ge C-taslolalicol Mm Olbatiiel Maciel ¢-Meha-lamelile| 
bring them to complete maturity. 


Arthur D. Little, Inc., has blended 

its scientific and engineering skills in 

the Mechanical Division to provide industry 
with a unique service... 

prototype development of equipment 
requiring a high level of engineering. 
Scientists in the fields of 

chemistry, physics, metallurgy, mathematics, 
biology, electronics and technical economics 
can be called on as required. 


Our staff is experienced in 
interpreting the ideas of industry and 
following through with the 
perfection of specialized equipment. 





30 MEMORIAL C™' CAMBRIDGE 42, MASS. 










Concentration for Quality 


Since 1919 Curtis has concentrated on 
the manufacture of only one line - 


As a result, Curtis research, produc- 
tion and quality control techniques 
have produced the widely accepted 
Curtis standards — and the world’s 
best universal joints. 





ONLY CURTIS OFFERS ALL THESE 
ADVANTAGES 


Availability — 14 sizes always in stock; 
bored or unbored hubs. 6” hub diameter 
joints or special machining to specifications. 


te Simplicity—fewer parts, simpler construction. 


Government Tests — complete equipment 
for government tests in our plant. 


Not sold through distributors; write 
direct for free engineering data 
and price list. 


€ 
CURTIS UNIVERSAL JOINT CO., INC. 
8 Birnie Avenve Springfield, Mass. 
As near to you as your telephone 


A MANUFACTURER OF 
UNIVERSAL JOINTS SINCE 1919 








SPECIALIZED EXPERIENCE, FACILITIES 
AT YOUR SERVICE TO SOLVE YOUR 
bunching (twisting) and stranding problems 


Expanding application of twisting principles to the production 
of many products is reflected by an ever-increasing demand 
for both H-D standard equipment as well as machines especially 
engineered to solve varied production problems. Week after 
week surprising new uses are developed through the close co- 
operation of our engineering department with manufacturers 
in many fields. 


Write today for our New Technical 
Bulletins. Tell us what you make 
—or contemplate making ond your 
inqoiry will receive prompt at- 
tention. 
WRITE TODAY. YOUR INQUIRY 
WILL GET PROMPT ATTENTION 


HASKELL-DAWES 


MACHINE CO., INC. 
2231 E. ONTARIO ST. 
PHILADELPHIA 34, PA. 
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THE TABULAR VIEW 
(Concluded from page 408) 





Irritating Ionization. — Throughout life, we are all 
subject to a certain amount of naturally occurring 
ionizing radiation. Studies which have been made to 


date indicate that human beings can tolerate, safely, 


radiation many times that which is encountered 
naturally. But the sources of radiation-producing 
mechanisms are ever increasing; radioactive materials 
are a common commodity in research laboratories, as 
are various forms of “atom smashers.” X-ray machines 
are used in increasing numbers, and even the cathode- 
ray tube of television receivers is a potential source 
of weak x-rays. Hence arises the need to make sure 
that radiation is maintained at a safe level, as HarRoLp 
BavLey is careful to point out (page 433). Mr. Bavley 
received the B.S. degree from Northeastern University 
in 1935 and has since been working in the field of in- 
dustrial hygiene and safety. He is a registered pro- 
fessional eng:neer, and is in charge of engineering 
activities of the Massachusetts Division of Occupa- 
tional Hygiene. 


Telling Tales. — For the most part, science has 
pretty well examined the simple and obvious matters 
of the physical world. What remains to be done in 
science is often somewhat remote from the daily life 
of most citizens. For this reason, modern writers have 
a difficult task cut out for them when they deal with 
science, and particularly when they attempt to inter- 
pret science in terms of the layman’s language. For 
such writers as these, an understanding of the phi- 
losophy of science is of much greater value than a 
knowledge of the details of the results of a particular 
piece of research. Such is the view of H. B. PHu.uies, 
Professor of Mathematics, Emeritus, whose article 
appears on page 428. After graduation from Erskine 
College in 1900, and receiving the Ph.D. degree from 
Johns Hopkins in 1905, Professor Phillips spent his 
career in the M.I.T. Department of Mathematics. 











Canada Dry Ginger Ale, Inc., Philadelphia 


We recently completed our 
FIFTH project since 1948 for 
CANADA DRY GINGER ALE 


W. J. BARNEY CORPORATION 
Founded 1917 
101 Park Avenue, New York 
INDUSTRIAL CONSTRUCTION 


Alfred T. Glassett, "20, President 
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BEYOND THE HORIZON. 


Coming developments in transport—still beyond the horizon—will 
depend very largely upon the new alloys the metallurgists can supply 
the engineer. The laws of thermodynamics dictate higher tempera- 
tures for greater efficiency in engines and, as the addition of Molyb- 
denum to many alloys allows the use of higher temperatures, it will 


certainly be used more and more in the engines of the future. 


Climax furnishes authoritative engineering data on Molybdenum 


applications. 
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| He stopped in time with Resist-a-skid Tread ! 
And only the All-Nylon Cord Double Eagle has it! 





This luckily, was just a test. Both cars in 
the test were driven at the same speed, brakes 
were applied at the same point. Only the 
tires were different. 

If you had been driving the car on the 
left (and if that screen had been live people), 
somebody would have been hurt. But the 
car on the right was equipped with Double 
Eagles, with the high-traction Resist-a-skid 
Tread. It stopped in time. 

The All-Nylon Cord Double Eagle gives 


ee 


‘ 


sty: 


ae 
io ——— 
5 
* 


pe 


greater safety against blowouts, too. All- 
Nylon cords make the Double Eagle 14 to 
2 times as strong as premium tires made 
with standard cords. 

We call this tire the Plus-10 Double Eag'e 
because it is superior in 10 important ways. 
But with all these advancements, it costs 
only about 5% more than premium tires 
made of rayon. 

See this tire at your Goodyear dealer’s 
now. Goodyear, Akron 16, Ohio. 


America needs better, safer roads. Let’s bring them up to PAR. 


PLUS-10 DOUBLE EAGLE..World’s finest passenger-car tire 


GOODFYEAR 


Doubie Eagle. T. M —The Goodyear Tire & Rubber Compeny, Akron 16, Ohio 
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“The things that the flag stands 
for were created by the experi- 
ences of a great people. Every- 
thing that it stands for was 
written by their lives. The flag 
is the embodiment, not of senti- 
ment, but of historu.” 


Woodrow Wilson 
(Address of June 14, 1915 










A. Devaney, inc., N.1. 
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To Technology Alumni 


| wish to report to you on the recent testimony of Professors 
Martin, Amdur, and Levinson, who were subpoenaed to appear 
before the House Un-American Activities Committee. Let me 
first quote in full the statement issued by Dr. Compton and 
myself on April 28: 


‘The Executive Committee* of the M.I.T. Corporation de- 
cided today that Professors Martin, Amdur, and Levinson, who 
testified freely and co-operatively before the House Un-Ameri- 
can Activities Committee, will be continued at the Institute 
without change of status and in good standing. 


‘The Executive Committee has examined the present posi- 
tion and recent conduct of the three professors in the light 
of its long-standing policy with respect to the conduct and 
responsibility of its Faculty members. The Institute is unequivo- 
cally opposed to Communism. It is opposed to regimentation 
or control which dictates to scholars the opinions they must 
have and the doctrines they must teach. It believes that the 
teacher must be diligent and loyal in citizenship and that he 
must teach in the clear daylight without hidden allegiance or 
obligations which require him to distort his research or teach- 
ng in accord with dictates from without. 


While we in no sense condone the earlier associations with 
Communism of the three professo:s, nor would we tolerate 
the presence of a known Communist on our Faculty, we are 
convinced that since the true nature of Communism became 
apparent to them some years ago, they have been free of any 
sympathy for it and have dissociated themselves completely 
from it. They have spoken with candor about their past activi 
ties, and we are convinced that they are teachers of integrity 
and loyalty 


‘Because of our confidence in them, as well as the candid 
manner in which they have reported on their past associations, 
we find no cause to change their status at the Institute. 


“This decision of the Executive Committee was reached after 
a thorough review of the records of the three men and after 
hearing the report of a Faculty committee which examined 
the cases." 


A copy of the recorded testimony of the three professors may 
be obtained by those who wish it by writing to the Publications 
Office at the Institute. Each of the three professors was com- 
plimented and thanked by the committee, and to one of them 
Congressman Clardy said: 


‘| want to thank you because | think you have done some- 
thing worth while. | think, speaking for the committee, that we 
feel you have performed a worth-while service to your govern- 
ment and to this Congress and | trust, sir, that there will be no 
sanctions imposed upon .you because, in my opinion, you do 
not deserve it. Or, if you find yourself in any trouble or diffi- 
culty as the result of your appearance here today, | hope you 
will communicate with this committee so that we can be of 
assistance to you.’ 


The name of M.1.T. was also involved in the testimony of Dr. 
Philip Morrison, Professor of Physics at Cornell. During a sab- 
batical leave from his institution, Dr. Morrison came to M.1.T. 
as a Visiting Professor for four months. He is no longer at the 
Institute. Since he is a staff member of another institution, 
M.1.T. considered that it had no jurisdiction and that it would 
be inappropriate for it to comment or act upon his testimony 
beyond pointing out that it had no knowledge until after he 
had been subpoenaed that he had been involved in any way 
n Communism. 


*The membership of the Executive Committee is as follows 
Messrs. R. H. Blanchard, T. D. Cabot, D. F. Carpenter, K. T. 
Compton, M. B. Dalton, J. R. Killian, Jr., J. R. Macomber, Red- 
feld Proctor, and J. J. Snyder. 


The current investigations of teachers have been met in vari- 
ous ways by American institutions. While it would of course 
have been better if M.1.T. had not been involved at all, | think 
that we have nevertheless met the investigations with candor, 
courage, unity, and patriotism. We have met the issues in the 
M.1.T. manner. As president of M.1.T., | signed the statement 
of the Association of American Universities which has received 
wide approval. Our Faculty, through its committee on responsi- 
bilities of faculty members, in representing the faculty point 
of view, has assumed along with the Executive Committee re- 
sponsibility for the best interests of the Institute and for the 
public welfare. 


This unity of action is vital because of the nature of a uni- 
versity (which is set forth effectively in the AAU statement). A 
university is not a ‘‘line’’ organization. ‘‘For many reasons,’ 
says the report of the AAU, ‘‘it must differ from a corpora 
tion created for the purpose of producing a salable article 
for profit. Its internal structure, procedures, and discipline are 
properly quite different from those of business organizations. 
It is not so closely integrated and there is no such hierarchy 
of authority as is appropriate to a business concern; the 
permanent members of a university are essentially equals. 


During the entire period since the close of War War II we 
have been especially alert for signs of attempted indoctrina- 
tion of students at the Institute by Communist sympathizers. We 
have found no evidence of such indoctrination. We have ample 
evidence that students at M.I.T. are not susceptible to such 
indoctrination. 


We had no grounds for specific action against any faculty 
member until the disclosures of Herbert Philbrick in 1950, which 
resulted in the indictment of Professor Struik. We immediately 
relieved Struik of all Institute duties and placed him on leave 
pending trial. We had, of course, expected that this case 
would have been decided in the courts long since. The govern- 
ing bodies of the Institute are re-examining the case of Pro- 
fessor Struik in the light of the testimony recently presented 
in Washington. 


At the time of the Struik indictment | issued on behalf of the 
Institute a statement regarding the actions that would be taken 
in the event that a faculty member was demonstrated to have 
acted in bad faith or in a dishonest or illegal manner. This 
statement, which was distributed to Alumni, still stands as a 
definitive statement of Institute policy. We have consistently 
been governed by this policy. 


The safeguarding of secret information involved in govern- 
mental research activities at the Institute has also, of course, 
been one of our primary concerns. Here we have exercised 
every precaution, and no evidence has been found of any 
breach of security. 


With these facts before us, | can say to you without reserva- 
tion that M.1I.T. continues to stand firm as a co-operative, 
unified community of scholars of the highest integrity and 
loyalty. It continues with pride and diligence to serve our na- 
tion and our way of life. 


Yours sincerely, 


President 
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The Trend of Affairs 


Defy the Tooth of Time 


N one respect mankind may well envy the rodents, 

whose front teeth grow continuously throughout 

life and thus replace wear at the grinding surface. 
The human being is endowed with but two sets of 
teeth in the course of his lifetime; and the second of 
these sets is apt to be quite battered, often gone en- 
tirely, before life ends. Human tooth decay — dental 
caries —has long been the target of intensive re- 
search. Some practical advances have been made. In 
particular it is now known that the regular ingestion 
during early life of small quantities of the element 
fluorine, in the form of innocuous salts, will reduce 
the incidence of dental caries later on. To implement 
the knowledge, some 150 American communities are 
now adding small amounts of fluorides to their water 
supplies — usually about one part fluorides per million 
parts of water. 

But the effectiveness of measures such as fluorida- 
tion of drinking water, and the results of long-range 
dental caries research, all lie in the future. For the 
present the human chewing apparatus must be 
patched as fast as it decays. Various materials are 
used for such patching — the filling of tooth cavities. 
When the cavity is large, and especially if the grind- 
ing surface is extensively involved, an excellent (but 
expensive) filling is a precision-cast gold inlay. But 
the majority of fillings are done with substances that 
can be made up in paste form, that harden after they 
have been packed into the cavity. Materials of this 
sort include cements, porcelains, plastics, and amal- 
gams. The latter, popularly called “silver fillings” are 
very widely used. Their dark color limits them to teeth 
that usually are not visible; but they have advantages 
of relative ease of installation, low cost, and dura- 
bility. A prime virtue of amalgam fillings has been 
considered to be that, when properly prepared, they 
expand slightly on hardening, and thus effect a firm 
bond with the tooth. 
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The amalgam commonly used by dentists is made 
just before use, by grinding with a porcelain mortar 
and pestle five parts of a powdered alloy of silver, tin, 
copper, and zinc with seven or eight parts of mercury. 
Excess mercury is next removed by squeezing the 
plastic mixture between the fingers. The amalgam is 
then quickly packed into the prepared cavity, the 
surface is modeled, and the completed filling hardens. 

One shortcoming of the amalgam filling has been 
the critical nature of the packing operation. Degrees 
of pressure and uniformity of pressure applied during 
this procedure strongly influence the degree of ex- 
pansion on hardening and the final strength of the 
filling. Modern dentists are artists as well as scientists; 
but the operation of packing amalgam makes heavy 
demands upon their manual skill. 

In an attempt to provide more uniform packing of 
amalgam fillings, several automatic tamping devices 
have been developed. Some of these work pneumati- 
cally on a compressed air supply; others are mechani- 
cal and are contrived to attach to the dentist’s regular 
flexible shaft drilling equipment. The National Bureau 
of Standards of the United States Department of 
Commerce recently completed objective tests of 
amalgam fillings packed with several of the commer- 
cially available automatic tampers. Tests of the fillings 
included measurements of dimensional change on 
hardening and of compressive strength, and metal- 
lographic and chemical analyses. All results were com- 
pared with those made on hand-packed amalgams. 

The automatically packed amalgams were found 
not to differ in composition from those packed by 
hand. The automatically packed fillings appeared to 
have two advantages: slightly more rapid gain in 
compressive strength during hardening, and a little 
greater final strength. They had one possible short- 
coming, however; very little expansion or even slight 
contraction on hardening. Whether this is a practical 
disadvantage can only be known from actual trials 
in the mouths of patients. 
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Acid Polemics 


nE who has followed newspaper headlines for the 
O past several weeks could easily gain the impres- 
sion that M.I.T. and the Bureau of Standards have 
some violent differences of opinion on additive fluids 
for use in lead-acid storage batteries. If such erro- 
neous impressions have gained ground, they may be 
attributed to incomplete accounts of political house 
cleaning in the new administration in which Secretary 
of Commerce, Sinclair Weeks, asked for the removal 
of Allen V. Astin, Head of the National Bureau of 
Standards. Secretary Weeks’s action was taken, in 
part, as the result of the Bureau’s investigation of bat- 
tery additives. Since the Institute’s name has figured 
in this transaction, as an innocent bystander, it may be 
well to survey the significant points in this program. 

During its half century of distinguished service to 
the nation, the Bureau of Standards has made a care- 
ful study of lead acid storage battery behavior and 
has publicly reported on the effect of material to be 
added to battery acid to improve performance. When 
Pioneers, Inc., a West Coast manufacturer began the 
sale of a battery additive, which it called AD-X2, the 
Bureau of Standards was asked to evaluate the effects 
of AD-X2. On the basis of its past studies and the fact 
that AD-X2 was similar in composition to other addi- 
tives it had examined, the Bureau of Standards was 
reluctant to undertake this task. At the request of the 
Senate’s Select Committee on Small Business, the 
Bureau of Standards did make tests on AD-X2. On the 
basis of these tests, Pioneers, Inc. was prevented by 
the Post Office Department from using the mails to 
sell its product. 

In August, 1952, the Select Commiitee on Small 
Business requested the Institute to undertake inde- 
pendent tests on the effectiveness of AD-X2. Because 
such tests would clearly represent routine commercial 
testing and would not contribute to science, M.I.T. 
officials were unwilling to undertake this task. The 
Institute finally agreed to make the required tests, as 
a public service, at the specific request of the Select 
Committee on Small Business. 

In October, 1952, after the tests had already been 
initiated, the Institute was advised that no funds 
were available for paying the costs of materials and 
man power involved in making the test. The Select 
Committee on Small Business therefore requested 
M.I.T. to bear the burden of expenses as a public 
service. This the Institute agreed to do. Tests were 
conducted by Harold C. Weber, °18, Professor of 
Chemical Engineering. In view of the controversial 
nature of such tests, James A. Beattie, ‘17, Professor 
of Physical Chemistry, was asked to observe the ex- 
periments and independently verify the facts estab- 
lished, which he did. The results of Dr. Weber’s study 
were also analyzed statistically by George P. Wads- 
worth, ’30, Associate Professor of Mathematics, and 
Joseph G. Bryan, ’38, of the Division of Industrial 
Coéperation. The studies were completed on Decem- 
ber 1, and two copies of the report were transmitted 
to Blake O’Connor, staff member of the Senate’s Select 
Committee on Small Business, on December 16. 

In sending two copies of the report to Mr. O’Con- 
nor, the letter of transmittal, written by Julius A. 
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Stratton, 23, Provost and Vice-president of M.I.T.., in- 
cluded the following comments: 

“I would point out further that there are no recom- 
mendations included in this report, nor did our group 
arrive at any definitive conclusions with respect to 
the commercial value of the product. The report sets 
forth the results of very careful laboratory tests, and 
these results have been corroborated and analyzed 
statistically.” 

The report itself stated: “Usually an evaluation of 
how a product will act under field conditions can be 
obtained only after extensive laboratory experimenta- 
tion. Even after such experimentation, it is common 
practice in engineering work to subject products to 
field tests. How a given innovation will perform under 
use conditions is the true test of its worth. For this 
reason, laboratory findings must be supplemented by 
field use data if a true evaluation is to be obtained.” 

In spite of these statements, the M.LT. report was 
interpreted as being in conflict with the Bureau of 
Standards report which did not endorse AD-X2. 

When it was announced on April 17 that the func- 
tions of the Bureau of Standards were to be reviewed 
by a distinguished group of scientists representing 
the National Academy of Sciences and that Dr. Astin 
would be reinstated, James R. Killian, Jr., 26, Presi- 
dent of M.I.T., issued the following statement: 


I have just learned of the announcement by Secretary 
Weeks with respect to the Bureau of Standards and Dr. 
Astin. Professor Weber, who made the M.I.T. test, and 
I are delighted by the action taken and believe it particu- 
larly appropriate that a committee is to be appointed by 
the National Academy of Sciences to review the facts 
in regard to the Battery Additive AD-X2. 

Because of the widespread misunderstanding of the 
significance of the tests conducted by M.I.T., I wish to 
outline the conditions under which M.1I.T. undertook the 
tests and the implications of the report it presented. 

In August, 1952, Professor Harold Weber, a highly 
competent and experienced professor of engineering at 
M.I.T., was asked by the Senate Committee on Small 
Business to advise it in connection with its study of the 
battery additive AD-X2. Professor Weber agreed to 
assist, acting with the full knowledge and approval of the 
Institute. 

Last October, the Senate Select Committee on Small 
Business requested M.I.T. to provide Professor Weber 
with the facilities to make laboratory tests on the battery 
additive. It was explained that the committee did not 
have funds to go to a commercial laboratory. While 
M.I.T. ordinarily does not carry on such tests, the In- 
stitute felt in the public interest it should make its 
facilities available to the committee. Its purpose in 
making the tests was not to render a verdict on the 
product but only to provide additional facts to the gov- 
ernment. It would have been inappropriate under the 
circumstances for M.I.T. to make a decision in regard 
to the commercial value of the product. 

In conducting these tests, Professor Weber served 
without compensation and M.I.T. made no charge for 
the use of its facilities. Neither Professor Weber nor any 
of the staff members who assisted him had any financial 
interests in this or any similar product or received any 
fees at any time for the testing of this additive. 

The tests were made under Professor Weber's direc- 
tion as an independent study without reference to earlier 
investigations, and a report was submitted to the Senate 
committee in December. He reported that an evaluation 
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of how the product would act in practical use could be 
obtained only after more extensive experimentation and 
after field tests. Thus, Professor Weber reported in effect 
that from his laboratory tests it was unjustifiable to con- 
clude that the battery additive did or did not have com- 
mercial value. His report and that of the Bureau of 
Standards indicate a difference in judgment as to the 
conclusiveness of limited laboratory tests. It is not un- 
usual for objective scientific tests to be subject to different 
interpretations or for differences of opinion to occur in 
good faith, 

At no point in Professor Weber’s report is there any 
criticism of any previous tests on this product, for none 
was reviewed. The scientific integrity of the Bureau of 
Standards has never been questioned by M.I.T. or by 
Professor Weber and they never intended that the report 
should suggest such a question. 


Emission from Single Crystals 


LL of the technology of electronics as we know it 
today depends upon man’s ability to control the 
flow of electrons in metals and in the vacuum space 
between metals. Conduction of electricity in vac- 
uum was discovered in 1883 by Edison, when he 
observed that he could measure a current between a 
hot filament and another electrode in one of his light 
bulbs. It was soon found that the current was due to 
a cloud of electrons coming from the hot filament, 
and the phenomenon was named thermionic emission. 
Later workers, notably, O. W. Richardson and R. H. 
Fowler in England, and Saul Dushman in the United 
States, attempted to obtain an equation which would 
correctly relate the current density obtainable from 
an emitter to its temperature and the amount of 
energy required to remove an electron (the work 
function). The relation between current density and 
temperature is called the Richardson equation. 
Although it is in qualitative agreement with the re- 
sults of experiments, Richardson’s equation fails to 
make accurate quantitative predictions of the current 
to be expected from a real surface. Evidently, the 
phenomenon was more complicated than the simple 
assumptions of the theory. 

The theory assumes that the emitting surface is 
uniform and may be characterized by a single value 
of the work-function. For a while, it seemed that this 
condition was satisfied when clean, pure metals were 
used as emitters. However, research carried out in 
the Physical Electronics Group at M.I.T. in the 1930's 
indicated that the work function, and hence the emis- 
sion, differed from one crystal face to the next in the 
same sample of tungsten used as the emitting surface. 
Accordingly, one could not hope to get quantitative 
agreement with the theory for any poly-crystalline 
emitter where the work-function observed experi- 
mentally was some sort of an average over the various 
work-functions that were present for the surface. 
Fortunately, there exists a type of drawn tungsten 
wire, developed for the lighting industry, in which it 
is possible to grow single crystals extending over the 
entire wire diameter and up to three or four centi- 
meters in length. The advantage of working with 
large single crystals, instead of the normal poly- 
crystalline form of a metal, lies in the fact that some 
of the surfaces are uniform. 
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The studies now under way on these single crystals 
of tungsten involve a number of intéresting tech- 
niques. As it comes from the manufacturer, tungsten 
wire, three to five thousandths of an inch in diameter, 
has a surface that is very deeply scarred when viewed 
under an optical microscope. The deep scratches left 
by the dies through which the wire has been drawn 
must be removed by grinding away the adjacent re- 
gions, and the wire must be polished until it appears 
as a very shiny metal cylinder under high magnifi- 
cation. The grinding and polishing operation may 
take as long as several full days and is accomplished 
by using an automatic wire-polishing lathe developed 
in this laboratory. The polished wire is placed on the 
axis of a cylinder vacuum tube in which it is heated 
by the passage of current. If the wire is heated for 
many hours at a temperature of about 2,300 degrees 
C. some of the small crystal grains grow at the ex- 
pense of their neighbors, with the result that large 
single crystals are formed. 

Once a satisfactory crystal has been observed, it 
is removed from the tube in which it was grown. Its 
diameter is measured to a ten-millionth of an inch by 
using the wire to form a wedge of air between two 
optical glass flats and counting the number of inter- 
ference lines produced. The temperature of the wire 
during the experiment can then be obtained from this 
value of the diameter and the magnitude of the heat- 
ing current. 

To determine the energies of electrons emitted in 
the different crystallographic directions, the crystal 
is then placed in the magnetic velocity analyzer tube. 
In this tube, the emitted electrons from one crystallo- 
graphic direction are focused by an electron lens upon 
the entrance slit of a metal chamber. Through the 
action of an externally imposed magnetic field, elec- 
trons possessing just the right amount of kinetic 
energy travel in circular trajectories in this chamber 
and are collected as they leave an exit slit. Compari- 
sons can then be made between the energies of 
electrons emitted in the various crystallographic 
directions. Since the magnetic fields used for the 
measurements are quite low, it is necessary to neutral- 
ize the earth’s field to within one tenth of one per 
cent in the neighborhood of the tube. Accurate tem- 
perature control of the crystal is maintained by moni- 
toring a series-connected auxiliary filament with a 
phototube. During the measurements, the crystal is 
maintained at the desired temperature by pulses of 
heating current at 1,000 cycles per second. 

It is expected that the information obtainable from 
detailed studies of the emission process will be of 
value in interpreting the behavior of more complex 
emitting surfaces. It should also enable us to gain 
a clearer picture of the electrical properties of mate- 
rial surfaces which play important roles in transistors 
as well as vacuum tubes. 

The work reported here is being carried out by 
Andrew R. Hutson, research assistant in physics, in 
the Physical Electronics Group of the Research Lab- 
oratory of Electronics, under the direction of Profes- 
sor Wayne B. Nottingham of the Department of 
Physics. Related studies on field emission from points 
are being conducted by John M. Houston, research 
assistant in the Department of Physics. 
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Sensing of Magnetic Cores 


Svea modern high-speed digital computer is built up 
largely of electrical devices which have two stable 
states or conditions very much like the on-off states 
of a common toggle switch. Small ferromagnetic cores 
can be used to store binary information through 
their ability to hold, or “remember,” the direction in 
which they have been magnetized. The “memory flux” 
may be switched fairly rapidly from one stable state 
to the other. Heretofore the general method for de- 
termining, or sensing, the stored information has 
required switching this flux which destroys the in- 
formation. There has been no quick and easy way of 
sensing without at the same time erasing and having 
to take the time and trouble necessary to re-store the 
information. This difficulty has now been overcome as 
a result of research conducted in the Institute’s Digi- 
tal Computer Laboratory by Dudley A. Buck, ’52, re- 
search assistant, and Werner I. Frank, ’53. 

A “non-destructive” method of determining the 
direction of magnetization is under development 
which allows the core to be sensed any number of 
times without losing its information. A very short 
pulse of electrical current establishes a magnetic field 
at right angles to the memory flux. This quadrature 
field causes a voltage pulse to be induced in one of 
the conventional windings on the core; the polarity of 
this pulse indicates direction of the memory flux. 

The operation of the new sensing scheme can be 
described as follows: When the quadrature field is 
applied, the memory flux is rotated a few degrees, 
from one of the two conventional memory directions, 
to result in a sudden decrease in the component of 
the memory flux which links a conventional output 
winding. The decrease in flux induces a voltage pulse 
in that winding, the polarity of which depends on 
whether positive or negative memory flux has been 
decreased. That is, the output voltage pulse is positive 
for one information state and negative for the other. 
When the quadrature field is turned off, the memory 
flux returns to its original direction because of the 
nature of the material used for memory cores which 
exhibits a rectangular hysteresis-loop. 

Many techniques can be used to obtain the quad- 
rature field. With metallic ribbon-wound cores, a cur- 
rent pulse sent directly through the ribbon produces 
the quadrature field. A soft iron yoke may also be 
used as illustrated. 


REMANENT FLU 
TO LINE UP WITH 
QUADRATURE FIE 


QUADRATURE FIELD 


A pulse of current flowing through a winding on the rectangu- 

lar iron core generates a voltage pulse in the sensing winding, 

which is used to determine the direction of magnetization of 
the toroidal memory core. 
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Oil from Mathematics 


HE increasing amount of petroleum to serve the 
y pew: industrial needs has already caused many 
oil fields to become exhausted, and has made the work 
of the prospector increasingly difficult. Temporary 
relief from the constantly pressing needs for more oil 
was afforded, about two decades ago, when the re- 
flection seismic method of petroleum prospecting was 
put into general use. 

In the past few years the search for new oil has re- 
quired the investigation of areas in which petroleum 
reserves are increasingly difficult to locate. Present- 
day techniques, in which the geophysicist examines 
seismograms visually, are reaching the limit of effec- 
tiveness for these areas. If new oil fields are to be 
discovered and worked economically, improvements 
in prospecting techniques must be continually intro- 
duced. Perhaps the greatest step forward, in the im- 
mediate future, may be achieved by more penetrating 
methods of analyzing seismograms, through the use 
of statistical techniques in which modern high-speed 
computers may play a significant role. The applica- 
tion of modern statistical methods makes it possible 
to separate the desired energy reflections from ex- 
traneous variations on seismic records, so that more 
of the information obtained in the field may be put 
to practical use. 

Research on this problem is being carried out in the 
Department of Geology and Geophysics at the Insti- 
tute under the direction of a staff committee, with 
Enders A. Robinson, research assistant, in charge of 
operations. The project was initiated by George P. 
Wadsworth, Associate Professor of Mathematics. 

By applying appropriate averaging techniques to 
different sections of reflection seismograms, it was 
found that the dynamic characteristics remained 
fairly consistent except during intervals correspond- 
ing toa reflection. The inconsistency, or error, intro- 
duced gives a measure of the change in the dynamic 
properties, and hence may be used as an indication of 
the amount of energy reflected. By examining an error 
plot, derived from the original seismic record, one is 
able to pick off the arrival of reflected energy at places 
of high error. More directly, one may correlate places 
of high error with interfaces between sub-surface 
layers. Thus, such an error plot becomes a more 
powerful tool than the original seismogram in de- 
termining the underground structure of the earth, 
and consequently increases the likelihood of success 
before actually drilling a well. 

For the seismograms thus far analyzed, results to 
date have indicated that the new method of analysis 
yields valid error plots. Moreover, such a method may 
even differentiate zones of greater scattering which 
have no single major reflecting surface. In addition, 
the work has yielded valuable information on the 
dynamic characteristics of recorded earth movements, 
and may also form the basis of a considerable amount 
of theoretical work of value to geologists. 

An open invitation to petroleum companies to col- 
laborate in this research program has resulted in both 
financial support and close scientific liaison between 
the research group at M.I.T. and the research organi- 
zations of petroleum companies. 
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M.I.T. Photo 
Latest addition to the Institute’s academic buildings is this handsome structure which houses the School of Industrial Management. 





The School of Industrial Management 


A Progress Report on the Institute’s Program to 


Combine Education for Management with Basic 


‘Training in Science and Engineering 


By E. P. BROOKS 


significant developments in the field of education 

for management. Grants in excess of $6,000,000 
were made to M.I.T. by the Alfred P. Sloan Founda- 
tion, Inc., to establish a School of Industrial Manage- 
ment and to provide for research activities at the new 
School. These gifts brought to M.I.T. an extraordi- 
nary opportunity for greater service in the field of 
business management by making possible improved 
physical facilities, an enlarged Faculty, and impor- 
tant research resources. Included in these gifts was a 
grant of $1,000,000 which provided for the establish- 
ment of the Sloan Research Fund. The Fund was to 
be used to expand basic knowledge in the field of 
industrial management and to round out the teach- 
ing program of the School. Spotlighted in these de- 
velopments was the Institute’s long established 
Course XV in Business and Engineering Administra- 
tion, which became the undergraduate program in 
the School and whose faculty became the nucleus 
around which the School would be developed. 


|: 1951 and 1952, the Institute was the scene of 
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The establishment of the School of Industrial Man- 
agement began a search for ideas — old ideas, new 
ideas, better ideas — on how to organize and develop 
a school for industrial management. Out of this re- 
connaissance of the past year or more have come 
certain ideas which we, in the School, believe to be 
basic in the development of our program. Not all of 
these ideas are new, nor are they all that will be de- 
veloped as the School grows. Some of them involve 
a new emphasis and some are reaffirmations of faith. 
They are all the result of slow and painstaking efforts 
to avoid duplicating existing schools of business; in 
short, they represent continuing efforts to find a bet- 
ter approach to management education than has 
been evolved thus far. 

There should be little doubt about the controlling 
ideas that have shaped the School of Industrial Man- 
agement. At M.L.T., the business of laying a ground- 
work for accumulating management experience has 
long been an integral part of the Institute’s teaching 
activities. As early as 1914, M.I.T. pioneered in or- 
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ganizing an undergraduate curriculum combining 
management and engineering education. Since then, 
nearly one-eighth of the undergraduate degrees 
granted by the Institute have been awarded to men 
who have taken the program in Business and Engi- 
neering Administration. In 1925, this plan of educa- 
tion was broadened to include an advanced curricu- 
lum in business management for graduates in science 
and engineering; and a program of executive devel- 
opment for men of about ten years’ industrial experi- 
ence was begun in 1931. 

Over the years, the achievements in management 
of the men who have had this type of education pre- 
sent a strong case for believing that the original idea 
has never lost its vitality. Not only is it apparent that 
the successful management of industrial enterprises 
demands ability to cope with technological problems 
of ever-increasing intensity, but it is believed from 
experience that fundamental training in science and 
engineering develops habits of precise thinking which 
are essential in the study and practice of all aspects 
of industrial management. Accordingly, the form and 
content of the curricula have evolved as the fron- 
tiers of knowledge have grown and as industry has 
become more complex. But, the original purpose — 
to combine education for management with basic 
training in science and engineering — has remained 
unchanged. 

Today, it is possible to argue that this plan of ed- 
ucation serves a need far greater than ever before 
in its nearly 40-year history. With the increased size 
and technical nature of business enterprise, industri- 
al management must increasingly represent a union 
of scientific knowledge and the entrepreneurial skill 
and inventiveness to apply that knowledge. Indus- 
try’s drive for increased productivity has resulted in 
highly special skills and expensive machinery de- 
signed in many cases for unbelievably narrow pur- 
poses. Business units themselves have become a com- 
posite of distinct, though interrelated, specialties — 
for example, production, finance, accounting, and 
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An atmosphere of friendly in- 
formality characterizes a con- 
ference on the School’s edu- 
cational program. In usual 
reading order are Eli Shapiro, 
Professor of Finance; Doug- 
las V. Brown, Alfred P. Sloan 
Professor of Industrial Man- 
agement; Edward P. Brooks, 
’17, Dean of the School of In- 
dustrial Management; Ronald 
H. Robnett, Professor of Ac- 
counting and Associate Dean; 
and Erwin H. Schell, °12, 
Professor of Industrial Man- 
agement. 


distribution. Everywhere, specialization and interde- 
pendence are the order of the day. 

All this may be well and good for enhancing pro- 
ductivity but, somewhere along the line, manage- 
ment is faced with making decisions affecting not 
one or perhaps two, but all aspects of a business. 
Interestingly enough, management can neither afford 
to do its thinking by piecemeal nor in separate com- 
partments. Nor, for that matter, can it successfully 
make decisions without regard to the total of eco- 
nomic and social factors likely to affect the outcome 
of a particular business decision. 

Successful management does its thinking in broad 
sweeps. But doing so requires a firm understanding 
of what goes on inside and outside a particular busi- 
ness. Contrary to popular belief, decision making 
in industry is not a chess game whose outcome de- 
pends upon hunches or crystal ball gazing. Rather, 
the success or failure of business judgment has come 
to depend largely upon the ability of management 
to assemble facts and to appraise the relationship 
between separate pieces of information and the par- 
ticular problem at hand. Indeed, industrial manage- 
ment has become a creative study which calls for 
a breadth of understanding and precise habits of 
thought. 

It is this need for broad understanding and disci- 
plined thinking by tomorrow’s business leaders that 
determines the outlook of the School of Industrial 
Management. Broadly stated, the purposes of the 
School are: (1) to discover means of increasing the 
effectiveness of industrial management and to dis- 
seminate this knowledge; and (2) to assist young 
men to fit themselves for future positions of busi- 
ness leadership. These ends, which are necessarily 
inseparable, are of course shared by other educa- 
tional institutions. However, as an integral part of 
M.I.T., the School is in a unique position to pro- 
mote these objectives by blending science and en- 
gineering knowledge with administrative skill. 
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Herbert F. Goodwin, ’37, As- 
sistant Professor of Produc- 
tion Management, conducts a 
graduate seminar in produc- 
tion management. Close stu- 
dent-faculty relations are fa- 
cilitated by small classes of 
carefully chosen students. An 
awareness of the realities of 
business are part of the broad 
education for management 
which students receive in an 
environment in which science 
and engineering play a sig- 
nificant role. 


The School aims to teach a limited number of se- 
lected young men in such a way as to contribute, as 
best it can, to their ultimate success in top-level man- 
agement of industry. In setting this high aim, the 
School entertains no illusions about what it can do 
and what it should not attempt. Experience and 
constant review have led to the conviction that edu- 
cation for management must be a joint undertaking 
—a partnership, as it were, between industry and 
schools for management. 

But the partnership also requires a division of 
labor. Industry must provide the environment and 
the experience required for management leadership; 
schools for management must lay the foundation for 
that experience. Chronologically, this division of 
labor makes sense. In terms of the equipment avail- 
able to industry and to educators, the case for this 
joint enterprise is even clearer. 

The School recognizes that industry is better 
equipped to train its own management specialists on 
a job experience basis. Therefore, the development of 
management specialists is not the purpose of the 
School nor is specific job preparation a part of its 
curriculum. What industry frequently cannot do, 
however, is to give its potential leaders the kind of 
fundamental education which deals with all aspects 
of a business but which cannot be gained by ex- 
tensive experience in one or two management func- 
tions. The School regards this need for fundamentals 
as its maximum opportunity to render service to in- 
dustry and to its students. Thus, it seeks to train 
managers rather than technical specialists, to develop 
“statesmen rather than experts.” 

There are two undergraduate programs in the 
School of Industrial Management, identical in their 
business and humanities content but differing in 
respect to science and engineering subject matter. 
In these four-year programs, slightly more than one- 
half of the student’s time is occupied with engineer- 
ing and scientific studies, 30 per cent of his time is 
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devoted to management studies. His remaining time 
is devoted to studies dealing with the relationship of 
industry to society — economic, historic, and social 
—and man’s relationship to man. This is an impor- 
tant contribution of the School of Humanities and 
Social Studies. Course XV-A is based on the physical 
sciences and XV-B on the chemical sciences; both 
lead to the degree of bachelor of science. Together, 
these undergraduate programs contain the bulk of 
the School's students and constitute the major teach- 
ing emphasis. 

The program of business subjects begins in the 
sophomore year with a two-term introduction to the 
nature of modern business and its management prob- 
lems. This introduction is followed in the junior year 
by five required one-term subjects, each dealing 
with a major functional area of business manage- 
ment, emphasis being placed on an increasing depth 
of understanding of business problems and on the 
acquisition of a working knowledge of important 
managerial tools and techniques. Subjects in account- 
ing, finance, marketing, production and _ personnel 
administration are presented from the standpoint of 
familiarizing students with the usefulness and limi- 
tations of these fields as tools for management. In 
each field, descriptive material is kept at a necessary 
minimum while heavy stress is laid upon problem 
detection and analysis. Students are required to dem- 
onstrate their ability to deal effectively with these 
fields by frequent oral and written reports of case 
situations. 

In the senior year, opportunity is afforded for se- 
lection, with the aid and advice of the faculty, of 
from three to five one-term subjects compatible with 
the interests and aptitudes of the individual student. 
In this year the range of electives is such that the 
student may both broaden his knowledge by the 
study of new areas, and increase his depth of under- 
standing by doing more advanced work in one or 
more subjects with which he already has some famil- 
iarity. An important part of the fourth-year program 
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is the thesis, which affords the dual opportunity of 
exploring in depth a problem of the student’s own 
choice and of carrying out a limited research pro- 
gram on his own initiative. 

There are practical limitations on the School's 
ability to carry out the M.I.T. philosophy of “learn- 
ing by doing”; our laboratory stretches the length 
and breadth of American industry. There are, how- 
ever, a number of reasonably effective ways to bring 
students into contact with industry, directly or indi- 
rectly. The faculty of the School includes a number 
of persons of extensive industrial experience, and 
close contact with business is maintained by most of 
the faculty through consulting activities. Close stu- 
dent-faculty relationships permit the student body to 
benefit from this experience through small discussion 
sections and individual counsel on thesis and other 
research projects. Case studies are used, where ap- 
propriate, to bring reality into classroom situations. 
In addition, many visiting teachers and lecturers 
from industry come to the School, and there are fre- 
quent student visits to commercial and industrial 
establishments. Student theses normally involve the 
analysis of actual problems in the field and thus 
bring students into working relationships with busi- 
ness concerns. By the end of the senior year, students 
are expected to have a keen awareness of the reali- 
ties of business as well as an independence of 
thought which should enable them to take an open- 
minded and informed approach to practical prob- 
lems. 

The School also has a graduate program which 
serves recent college graduates in science cr engi- 
neering through its curriculum leading to the degree 
of master of science in Industrial Management. The 
graduate program normally requires two years for 
those who have had no previous work in this field. 
Those who have completed the School’s undergradu- 
ate Course in Business and Engineering Administra- 
tion, or who have done substantially equivalent work 
elsewhere, normally obtain the degree in one year. 


Active participation 
in discussion of the 
problems of indus- 
trial management 
typifies work in the 
School of Industrial 
Management. Here 
a group of students 
in the management 
laboratory discuss a 
student project. 


M.1.T. Photo 


422 


The graduate student body is small, and, relative to 
staff, will continue to be so. Standards for admission 
are high, and every effort is made to choose those 
men who show the greatest potential for future lead- 
ership of industry. Much of what the individual 
learns from his formal education, particularly at the 
graduate level, is dependent upon the interchange of 
ideas with his classmates. For its part, the School 
recognizes that selection is probably the most im- 
portant single determinant of the effectiveness of 
graduate education. Hence, the advantages of care- 
ful selection are believed to be substantial. The 
problem of selection, both for management educa- 
tion and for executive positions in industry, is one 
of particular interest to the faculty and is the sub- 
ject of continuing study in the School. 

Recent expansion has brought the total graduate 
enrollment, including the Executive Development 
Program, to just under 50 students. Next year this 
number will be substantially expanded by (1) ad- 
mission of more students in the one and two-year 
graduate programs; and (2) the addition of more 
Sloan Fellowships in the Executive Development 
Program. 

The Sloan Fellowships are designed for men al- 
ready holding responsible positions in industry; 
participants are selected on a nationwide basis from 
among candidates nominated by employers. These 
men must have a minimum of five years of indus- 
trial experience, have demonstrated aptitude for 
growth in management, and preferably, have a 
background in science and engineering. A special 
12-month curriculum is designed to prepare them 
for dealing effectively with the broader and longer- 
term administrative problems that will be encoun- 
tered as they assume higher executive responsibilities. 
While the subject matter dealt with by the Sloan 
Fellows to some extent parallels that of the regular 
graduate program, every effort is made to capitalize 
fully on the maturity and background of the group. 
As a result, an unusual breadth of understanding of 
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The Sloan Execu- 
tive Development 
Program is an im- 
portant phase of 
work in the School 
of Industrial Man- 
agement. Gerald B. 
Tallman (left) dis- 
cusses the Sloan 
Program with 
Thornton A. Wil- 
son and Wayne L. 
Horvitz. 


economic and administrative problems is gained by 
the Sloan Fellows while, at the same time, the regu- 
lar graduate students have the opportunity for ex- 
tended contact with experienced men of unusually 
high caliber. 

Continuing research on the problem of executive 
development has indicated that there is an addition- 
al demand for the School’s services in programs of 
shorter length than the Executive Development 
Program. Many companies, particularly smaller com- 
panies, are unable to release qualified executives for 
a full year’s advanced study at M.I.T. However, they 
have indicated a strong desire to participate in 
shorter-length programs, tailor-made to fill specific 
gaps in their own executive development activities. 

To serve this need, plans are being laid for short, 
special purpose workshops designed to give partici- 
pating executives a knowledge of specific managerial 
tools with which they have had little or no experi- 
ence. This summer, the first of these programs will 
be held at the School — on an experimental basis. For 
its content, it will concentrate on Control Problems of 
the Executive, with special emphasis on the account- 
ing function and accounting controls. Experimentally, 
it will serve as a pilot study of the abbreviated type 
executive development program as an aid to future 
planning. 

Behind each of the programs described above is 
the all-important element of the School of Industrial 
Management — its faculty. Fine buildings, classroom 
equipment, and other facilities go for naught unless 
there are capable teachers to interpret principles and 
ideas, and to inspire students with an over-all un- 
derstanding. In this regard, the School is fortunate 
to have started off with a corps of experienced and 
capable teachers. Not only have they vastly simpli- 
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fied the School's organizational problems, but in their 
hands rests the School’s chief capacity for further 
growth. 

We, in the School-of Industrial Management, take 
a large measure of confidence from the leadership 
of Professor Erwin H. Schell, ‘12, who continues in 
charge of the undergraduate Course in Business and 
Engineering Administration and who has been the 
chief architect of that Course throughout much of 
its existence. To his students, to the Alumni of Course 
XV, and to those of us at M.I.T. who have had the 
benefit of his acumen and inspired teaching, his 
presence alone insures that no stones are being left 
unturned in the course of developing the School to 
meet its objectives. 

Our most pressing problems are, of course, grow- 
ing pains. In developing the new School and in 
selecting its faculty, we have sought to avoid 
duplication of existing schools of business. Repeating 
the old established patterns would have been the 
fast and easy way to start the School; we have chosen 
the slower, more difficult path of re-examining the 
premises of management education and of seeking 
a fresh approach. 

We have taken a hard look at the unresolved prob- 
lems facing the schools of business in the United 
States. Measured against the performance of schools 
in other fields in this country, the comparison has 
not been favorable; indeed, much remains to be 
done. In general, we have found that there is a feel- 
ing that schools of business, many of which started 
some 30 to 40 years ago with a great deal of promise, 
have somehow not measured up to all that was 
expected of them. Certainly, our schools of business 
have not distinguished themselves in their field as 
have our engineering schools, law schools, and med- 
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ical schools in their respective fields. The business 
schools are, of course, younger, but the concern 
about them has had to do with their basic programs, 
not with their inexperience. 

Our reconnaissance so far has led to the conclu- 
sion that if the School of Industrial Management is 
to move toward its objectives, it will do so, not by a 
percentage improvement in this activity or a per- 
centage improvement in that activity, but rather 
from a better approach — a better understanding of 
what management is and what training for it should 
be. To this end, our search for a better approach has 
been a continuing search, not merely a build-up to 
a once-and-for-all improvement or even to a periodic 
improvement, but the beginning of a continuous 
review and experiment. 

The School does not presume to know the detailed 
steps it should take to realize its broader objectives. 
Far from this, its method of attack has centered on 
the principle of gathering advice from every avail- 
able quarter. In our search for enlightened counsel, 
we have exploited every opportunity to learn by in- 
viting comment from within and outside the School 
on every phase of its activities. An Advisory Council 
consisting of 25 leaders of American industry has 
been created under the chairmanship of Alfred P. 
Sloan Jr., 95. By acting as a sounding board for new 
ideas and by generating important ideas of its own, 
the individual members of the Council serve a 
double purpose. In other instances, the members 
have constituted an indispensable link between the 
School of Industrial Management and the business 
community. 

“Task forces” have been appointed to report on 
specific questions growing out of the School’s in- 
creased use of the many resources at the Institute and 
its further integration with the business community. 
These task forces have consisted of teams of edu- 
cators and industrial leaders working together in 
some cases and alone in others, according to the 
particular assignment. An example of this work is 
the report by a committee of faculty members in the 
School of Humanities and Social Studies. The subject 
of their study has been “The Place of the Social 
Sciences in the School of Industrial Management.” 
Another example, involving a mixed group repre- 
senting educational and industrial fields is the report 
of the task force on marketing. The question before 
this group was: “What role should marketing and 
distribution play in the curriculum and _ research 
activities of the School?” Another team is studying 
the relationship of the School to the business com- 
munity — and the list goes on. 

As each report has materialized, it has been sub- 
jected to the give and take of faculty meetings and 
more faculty meetings. The upshot is that we have 
found it possible already to incorporate some of 
these constructive ideas into the School's various 
curricula for 1952-1953. 

Not all of the recommendations brought to the 
School or originated internally have been entirely 
usable or completely new. But each has required, 
and has received, an evaluation of its own. Fortu- 
nately, we have been kept from chewing over too 
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many old bones by the accumulated experience of 
the Department of Business and Engineering Admin- 
istration. By building around the nucleus of knowl- 
edge already at its disposal, the School has been able 
to focus its efforts almost entirely upon growth and 
development. 

We have also had growing pains of another kind 
—the usual problems associated with adjustments 
in size and structure. While we have expanded the 
School’s several parts across-the-board, our growth 
has not been uniform in each part. Even if it were 
desirable, not all of the School’s activities are capable 
of uniform expansion immediately. For example, the 
expansion of educational services can be effected 
more rapidly than that of research in the manage- 
ment field. Through improved physical facilities and 
an enlarged faculty, the School is now ready to ac- 
commodate a larger number of students in its un- 
dergraduate and graduate teaching programs. But — 
research is another matter. Full benefits of research 
—to the School and to the business community — 
must necessarily await the passage of more time. 
This much is clear from the several projects already 
authorized and in progress under the Sloan Research 
Fund. 

To sum up, our growing pains are real in the fol- 
lowing sense: As we have reached out to meet our 
enlarged opportunities to serve, we have found 
problems commensurate with our new responsibili- 
ties. More than this, we have encountered the nor- 
mal stresses and strains of a going concern growing 
unevenly in its several parts. 

In this connection it is particularly enjoyable to 
review the widespread interest directed toward the 
growth and development of the School in the past 
year or more. Busy men in industry have shown an 
inspiring willingness to make serious and time-con- 
suming contributions to the welfare of the School, 
unrestrained in many cases by their own heavy 
workloads. We are grateful to our Alumni of the 
Course in Business and Engineering Administration 
who have taken an active part in supporting the 
expanded operations of Course XV and in making 
valuable suggestions for charting the future course 
of the new School. We are indebted to the companies 
and other friends of the Institute who have already 
given generous assistance to the School's desire for 


closer association with the business community. An , 


equal debt is owed to our colleagues at the Institute 
upon whom we have placed increased demands for 
science, engineering, and humanities education 
through our increased emphasis on fundamentals of 
technology. 

Indeed, it is difficult to ask for more favorable 
working conditions than those afforded by the M.LT. 
environment. As one part of an expanding galaxy, 
the School of Industrial Management should find it 
easier to utilize the facilities already existing at the 
Institute as well as those inherent in the Institute’s 
indicated pattern of growth. Certainly, the oppor- 
tunity to grow as M.I.T. grows should provide an 
additional stimulus to the School to educate men 
for the continuing advance of the American pro- 
ductive genius and our understanding of the system 
which underlies this progress. 
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Electricity in the Textile Industry 


Major Problem in Textile Manufacturing Is That 


of Eliminating Electrical Charges on Fabrics 


By SIDNEY M. EDELSTEIN 


Part I of Mr. Edelstein’s article, on the historical 
background of static electricity and the discoverers in 
this field of science, appeared in the May issue of The 
Review. Part II, presented below, discusses the prob- 
lems of static electricity in the textile industry. 


HE dawn of the Nineteenth Century marks the 
beginning of the industrial revolution, and a new 
dynamic age in man’s life and thought. The first 
year of the Nineteenth Century also marks the 
dynamic age in electricity, for on March 20, 1800, 
Alessandro Volta sent a letter containing the first de- 
scription of his “electrical battery” to the president of 
the Royal Society.*'® The interest of the scientific 
world in static electricity almost immediately dis- 
appeared and was transferred to electricity in motion 
—the power of which has so transformed our world. 
Almost 150 years were to pass before a revival of in- 
terest in the study of static electricity took place. 
Today, the revival of interest in the science of static 
electricity is due mainly to the textile industry. The 
recent introduction of many new fibers which are 
strong static producers has posed problems for the 
manufacturer and consumer of these new textiles. The 
solution of these problems can be made by the ap- 
plication of scientific principles described long ago, 
coupled with our modern knowledge, in many new 
fields. Many of these old principles are apparently 
being rediscovered by workers who have not realized 
that the ground was covered thoroughly years ago. 


How Static Develops in Textile Materials 


Although the fundamental explanation as to how 
static can be generated in nonconductors is quite com- 
plex, in textiles there are only three mechanisms of 
importance. 

The first important mechanism is double layer 
separation. When any two neutral dissimilar sub- 
stances are brought into contact, electric charges oc- 
cur in pairs of positive and negative kinds. Negative 
charges, that is to say electrons, migrate to one sub- 
stance making that substance negatively charged; 
whereas the other substance having lost electrons be- 
comes positively charged. Now, the positive charges 
on the one substance are exactly equal and balance 
the negative charges on the other substance. The 
number of charges developed in the substances de- 
pend on the chemical nature of the substances, the ex- 
tent of area in actual contact, and the pressure be- 


* Please see references on page 427. 
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tween the two substances. We only become aware of 
the presence of these charges when the substances are 
separated. For then, if one substance is a noncon- 
ductor, such as a textile fiber, the charges which it 
held become entrapped and the fiber becomes nega- 
tively or positively charged. If the other substance is 
a conductor, then its charges are almost immediately 
dissipated and this substance becomes neutral. If the 
second substance hqwever is also a nonconductor, it 
then shows a charge on separation from the textile 
fiber — equal, but opposite to, that on the fiber. 

The second important mechanism for the genera- 
tion of static electricity is friction. If two neutral dis- 
similar substances are rubbed together, the negative 
charges are rubbed off one substance and taken up by 
the other. Upon separating the two substances after 
rubbing, the nonconductor, or textile fiber, entraps its 
charges and becomes either positively or negatively 
charged. If the other material is also a nonconductor, 
it will have an equal but opposite charge. 

Now, there is a question among scientists as to 
whether the mechanism for forming static electricity 
by friction is really different from the double layer 
mechanism. Some think that friction simply promotes 
closer contact between the two surfaces. Others be- 
lieve that there is some fundamental effect caused by 
friction which is in addition to the effect caused by 
just contact of the surfaces. 

The third mechanism is important only in special 
cases. In a flame, lighter or more diffusible particles 
of carbon and other substances will have a charge 
opposite to that of the heavier particles. When a non- 
conductor, such as a textile, is held close to a flame, 
the heavy charged particles tend to attach themselves 
to the textile, and the textile becomes charged, or in 
other words develops static electricity. 

Now, with an understanding of the mechanisms 
whereby static electricity may be generated in a non- 
conductor, such as a textile fiber, it becomes easy to 
visualize how such generation may take place in 
blending, spinning, weaving, drying, and also in the 
use and wear of a fabric. In other words, at every 
point where a textile touches another substance, static 
electricity must be generated. Static may not be 
enough to reveal itself, but it’s there potentially. 


Troubles Caused by Static in Textile Manufacture 


The effects of static electricity in the processing and 
manufacture of textiles are mostly undesirable effects. 
How undesirable these effects are will depend on 
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Ewing Galloway, N.Y. 
A detailed study of a modern worsted warping machine 


many factors; one of the most important factors being 
the chemical nature of the fiber. As our fibers become 
more nonconducting, and as they become less mois- 
ture absorbing, each potential source of trouble due 
to static becomes greater. That is why, when we deal 
with the new synthetic fibers, every potential source 
of trouble from static becomes an actual source of 
trouble unless we take special steps to control the 
static. In the case of the natural fibers, such as cotton 
and wool, many of the potential sources of trouble 
never actually break out into real trouble spots, but 
when conditions are right, trouble will be there. 
Recently a writer has pointed out that static elec- 

tricity could cause four major problems in textile man- 
ufacturing, and these are:*° 

1. Reduction of output 

2. Lowering of quality 

3. Increase in waste 

4. Hazards to personnel 

These four major problems are potentially present 

in most textile operations. They may exist in the 
blending and carding down through the drawing, siz- 
ing, knitting or weaving, and even in the final opera- 
tion of inspection and packing. The potential troubles 
due to static in textile manufacturing are almost end- 
less in number. As we increase our operating speeds, 
and particularly as we use more and more of the new 
synthetic fibers, these potential troubles will become 
real ones. 
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How Static Electricity in Textiles Affects 
the Consumer 


The effects of static electricity for the consumer 
run the whole gamut from the commonplace to the 
unusual. 

Perhaps one of the most unusual cases was that re- 
cently reported by one of the large department stores, 
wherein they cheerfully refunded the money to a lady 
who had purchased a blanket made of one of the new 
acrylic fibers. She was fond of listening to the radio 
in bed, snuggled up warm within the blanket. Every- 
time she moved, static electricity was generated with- 
in the blanket and spoiled her radio reception, at least 
so she said. Unquestionably, the public has really be- 
come conscious of the static problem in the newer 
fibers. 

Another static story is that reported by a men’s wear 
store of a customer who had bought a suit specially 
made of one of the new synthetics for summer wear, 
when conditions for static generation are at their 
poorest. This particular customer had chosen to wear 
the suit, however, on a cool, dry fall day. The store re- 
ported that the gentleman came running into the store 
shouting, “get it off; get it off.” The suit was clinging 
and twisting around him like some evil spirit. Of 
course, all that would have been needed to complete 
the picture would have been a discharge of St. Elmo’s 
fire from the man’s head, and this would have given 
emphasis to a report that a man from another planet 
had landed from a flying saucer. 

Now, most of the consumer problems due to static 
are much less exciting, and not too spectacular, but 
they are very important, nevertheless. Some have 
been with us for a long time, such as the shock we 
often get from a carpet on a cool, dry day. But of 
course, the static problem from the consumer point 
of view has only become acute with the widespread 
use of the synthetic fibers which began with the use 
of nylon, and more recently with the employment of 
vinyon, dacron, orlon, dynel and the other fibers based 
on synthetic plastic materials. These problems fall 
into certain distinct groups, which are common to all 
the fibers. 

First, there is the effect of static electricity in caus- 
ing clothing to cling to the body under certain condi- 
tions, or to be repelled from the body under others. 


The important draping qualities and appearance of - 


the fabric, or garment, are often completely ruined by 
the effect of static. The uncomfortable feeling to the 
wearer of the garment is obvious. 

Unfortunately, a textile charged with static elec- 
tricity has the power of attracting uncharged particles. 
Therefore, the static problem in the new synthetics 
has added the problem of dirt attraction. This is not 
only a problem for the store in displaying an article 
made of one of the new synthetics but it is certainly 
an unpleasant condition for the consumer who buys 
a suit made of a new synthetic fiber because of its 
stain-resisting properties only to find that his suit at- 
tracts all the black soot and lint in the neighborhood. 

Several of the synthetic plastics and fibers have 
been used to make so-called allergy-free pillow cases 
and garments because of their clean lint-free nature. 
But, if these articles become easily charged with static 
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electricity under certain conditions, the attraction of 
almost invisible particles of dirt and spores and bac- 
teria completely defeats the original purpose behind 
their use. 

Finally, there is the special case where fabrics of 
certain of the new synthetics are made into garments 
for use in refinery and chemical plants. Their high re- 
sistance to chemical attack has offered a wonderful 
new protection to the worker. Their use, however, has 
also offered a potential explosion hazard because of 
their ability to build up static charges to the point 
where explosions of solvents may take place. 

Now, all of these problems offer a real challenge. 
For the new synthetics have so many advantages that 
their use will increase in spite of static. 


Chemical Antistatic Agents 


In theory, the use of a chemical antistatic agent on 
the textile is the ideal method for controlling static 
electricity in the textile. Electrical devices can only 
be used at certain points past which the textile travels, 
and humidity can only be used to control static under 
certain conditions, and satisfactorily only with the 
older fibers. A chemical antistatic agent, however, can 
be put on the fiber and it will travel along with the 
textile to do its work at every point. Also, from the 
consumer standpoint the use of chemical antistatic 
agents is the only possible answer to static control in 
textiles. 

This does not mean that there are no problems in 
connection with chemical antistatic agents. There is 
the problem of where to apply the antistatic agent. 
Should it be easily washed off, or should it be fast? 
What about the effect on the hand, on strength, and 
on the appearance of the fibers? We often must take 
into consideration its compatibilities with many mate- 
rials. We must think about whether it will affect the 
light-fastness of the colors, or whether it will develop 
an odor. In fact, use of chemical antistatic agents 
poses many problems. But inherently, only by the use 
of chemical antistatic agents can we look for a real 
solution to the problem of static control in textiles. 


How a Chemical Antistatic Agent Works 


Actually all of the mechanisms whereby a charge 
can be neutralized before it builds up, and the ways 
whereby charges can leave the fibers, may be taken 
advantage of in the use of chemical antistatic agents. 
This does not mean that all these agents make use of 
all of these means but theoretically they could. 

The mechanism whereby most chemical antistatic 
agents do their work is in the field of conductance. 
Now, even if the antistatic agent also makes use of 
other processes it always has some effect in improving 
the surface conductivity of the fiber, and thereby 
helping the charges to go more readily to ground or to 
the atmosphere. Any surface active agent which forms 
ions in solution, when placed on the surface of a fiber, 
even in minute amounts, must improve the surface 
conductivity of the fiber. On this basis, a film of soap, 
sulfonated oil, or synthetic detergent will improve the 
surface conductance of fibers, and will theoretically 
assist in the removal of static. It must be borne in 
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mind, however, that while most chemical substances 
applied to a fiber will increase the surface conduc- 
tivity of the fiber, some chemicals are many times 
more effective than others in this respect. Now this is 
due to some fundamental relationship not understood 
and only partially related to the conductivity powers 
of the chemicals themselves in solution. There are in- 
dications, however, that the improvement in surface 
conductivity caused by chemical antistatic agents is 
related to the type of film the agent forms on the fiber, 
and to the way in which the molecules are oriented 
on the fiber. 

Another way whereby a chemical antistatic agent 
can do its work is in the matter of hygroscopicity. This 
is particularly important with the new low regain 
synthetic fibers. We have known that the presence of 
moisture on the surface of a fiber would assist in the 
lowering of the surface resistance of the fiber and 
hence improve the rate of charge removal. Antistatic 
agents which are hygroscopic thus can do part of their 
work by furnishing molecules of water right on the 
surface of the fiber. This water also serves to activate 
further the chemical antistatic agents by partial solu- 
tion of the active groups of the agent in the water. 

Thirdly, a chemical antistatic agent may do its work 
by developing a charge opposite to that formed within 
the fiber itself when the treated textile is rubbed or 
comes in contact with another substance. This mech- 
anism also seems to be related not only to the 
chemical nature of the antistatic agent but also to the 
orientation of molecules of the agent in the film put 
on the textile fiber, and on the nature of this film. 

A chemical antistatic agent can thus do its work by 
any one or all three of the above-mentioned ways. It 
appears, however, that in order to be really effective, 
an antistatic agent should make use, at least to some 
extent, of all three. 

In passing, we must not neglect to mention the pos- 
sibility of the incorporation of radioactive elements 
within the molecule of the antistatic agent itself. It is 
possible to visualize a chemical antistatic agent some- 
thing like a one-man band. In such a Utopia, we can 
see charges being conducted away to the air and to 
the ground, opposite charges being formed and neu- 
tralizing other charges, and at the same time the fiber 
being constantly bombarded with charged ions. 

In conclusion, we may say that the static problem in 
textiles is being attacked from many angles. The 
manufacturers of the synthetic fibers are studying the 
fundamental properties of these fibers as related to the 
development of static electricity. Some of the national 
technical societies have committees at work on the 
problem. The manufacturers of finished textiles are 
carrying on extensive research projects. With the work 
of the past as a foundation, new ideas and new prin- 
ciples are being developed. This increased activity 
must lead to a cure for the “headache” of static elec- 
tricity. 
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The Modern Writer and Natural Science 


More Important Than Its Details Is Understanding of Broad Principles of Science 


By H. B. PHILLIPS 


HEN asked to take part in a recent confer- 

ence of the Modern Language Association 

of America, I informed the chairman that I 
would try to state briefly what I thought the modern 
writer should know about natural science. I am not a 
writer, modern or otherwise, but have been interested 
all my life in science and have definite ideas concern- 
ing the part writers might play in enabling science to 
reshape the world. My remarks at the conference are 
presented in this brief article. 

The whole universe, including living as well as 
nonliving things, forms one complex system. Changes 
in this system do not occur arbitrarily but follow 
definite rules, or laws. It is the business of the scientist 
to determine those rules and apply them. He does 
this partly because of his desire to know, and partly 
because this knowledge may enable him to influence 
the course of events. 

To report such events is the business of the writer 
who uses language to picture the world as he sees it, 
both in reality and in imagination. He does this partly 
because he enjoys the process and partly because 
these word pictures may influence other people to 
proceed in the direction he wishes them to go. 

If the picture he paints is to be a valid one, it must 
be in accord with the real world.This does not mean 
that he must know the details of science but only its 
most general principles. He may be unable to play 
any musical instrument; but, if he thoroughly appre- 
ciates musical harmony, his writing will have a quality 
which otherwise would be lacking. He may be un- 
able to paint anything; but, if he appreciates the work 
of the great masters, his writing will have a finish 
which otherwise it would not have. He may be unable 
to pass an examination in any one of the sciences; but, 
if he has a general understanding of the nature of 
the sciences and what can be accomplished by scien- 
tific methods, his writing is more likely to help, and 
not to hinder, the general course of progress. 

To show the effect of neglecting science, a few 
examples are presented. The November, 1952, issue of 
the Atlantic Monthly contains an article by C. S. 
Forester entitled “Could Napoleon Have Won?” For- 
ester shows that the arms used by Napoleon’s troops 
were completely obsolete. The English were using 
the rifle, the French had only the smoothbore. The 
English had shrapnel, the French only round shot for 
their cannon. It was not necessary for Napoleon him- 
self to remedy these defects. The French scientists and 
engineers were the ablest in the world. They would 
undoubtedly have gladly done the job for him. Na- 
poleon’s error consisted merely in not recognizing the 
importance of technology. 

In the Senate debate last year, a proposal was made 
to reduce the appropriation for research in aeronau- 
tics. Immediately following this was a proposal to in- 
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crease the appropriation for housing at the air fields. 
No one suggested that present housing was inade- 
quate, but merely that better housing would increase 
the comfort of the men. A number of senators, in- 
cluding several who proudly call themselves liberal, 
voted to reduce the appropriation for research and 
increase that for housing. These senators did not 
understand the role research plays in aeronautics. 

To this many would reply that these details should 
be left to experts. Why bother us with such matters? 

The answer is that on every question of this kind 
there are experts on both sides. Someone must decide 
which experts shall have their way. In an autocracy 
that decision can be made by the dictator. In a democ- 
racy it must be made by the ordinary people. How 
then are people to have a basis for decision? 

The average person completes his school or college 
education in his early twenties. Thereafter, for per- 
haps 50 years, he keeps up, at most, with some narrow 
specialty. Much that he learned in school has become 
obsolete 10 years after graduation. As he grows older, 
whatever competence he has to handle contemporary 
matters becomes more and more dependent on what 
he has learned after leaving school. The principal 
source of such education is general reading. In fact 
the greater part of it comes from reading fiction. What 
little history I know was almost all learned from 
novels, most of which were not even historical novels. 
What little understanding I have of social problems 
was acquired in the same way. What importance the 
ordinary citizen ascribes to science is determined 
largely by the atttude of writers who never wrote a 
word about science. 

It is not what they directly say that is important 
but what is read between the lines. From a single 
chapter in a book a skillful detective could, in many 
cases, determine the whole philosophy of the writer. 
A casual reader consciously follows only the story. 


Subconsciously he acquires the same philosophy. . 


What is wanted in general literature is, then, not 
the content, but something of the spirit, of modern 
science. 

To the scientist, creation is not an operation com- 
pleted billions of years ago but a process now going 
on and which will always continue to go on. This 
eternal process of creation is what life is and what 
life is for. In harmony with this view, one would like 
literature which portrays a world where philosophy 
is less concerned with what we are, more with what 
we might be; where politics is less concerned with dis- 
tribution, more with production; where wealth is 
measured less by possesson of old things, more by 
capacity to create new things; where the characters 
of fiction are less a group of neurotics and parasites, 
more a group of people who do something really 
worth while. 
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Mechanical Engineering 


Undergraduate Professional Training Benefits from 


a Mature Program of Graduate Study and Research 


Combined with Intimate Contacts in Industry 


By C. RICHARD SODERBERG 


HE Institute has always been characterized by 

the high degree of autonomy which it confers 

upon its departments, many of which have en- 
joyved an unbroken existence since M.I.T. was 
founded, nearly a century ago. The Department of 
Mechanical Engineering is one of the oldest of these 
departments, and, within its domain, it displays a most 
varied spectrum of activity in education, research, 
development, and service to industry. 

Such an extensive and variegated range of under- 
takings represents a far cry from the severely limited 
teaching activities which were carried on when the 
Institute commenced its operations in the 1860's. The 
changes and transitions which have taken place 
during the last 80 years have evolved gradually with 
the requirements for expansion of operations, and 
perhaps can best be appreciated when reviewed 
against a background of historical perspective. 

Mechanical ingenuity is certainly one of the out- 
standing traits of Western man, and consequently, 
mechanical engineering may be regarded as a major 
branch of the technological developments of Western 
civilization. Man began making substantial improve- 
‘ments in his material status when he started to sub- 
stitute power developed by mechanical means for 
that previously obtained from human and animal 
sources. The search for mechanical power led ini- 
tially to the harnessing of wind and water and then 
to the development of the steam engine, which in 
turn stimulated the development of machine tools 
and production methods of manufacturing. The sub- 
sequent major inventions of the cotton gin, the power 
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loom, the steamship, the locomotive, the automobile, 
the airplane, and so forth, together with further 
evolutionary developments of their own, have led to 
other professional offshoots, many of which have 
overshadowed the progenitor in contemporary sig- 
nificance. 

That the Institute is, in fact, a microcosm of West- 
ern technology is merely a manifestation of the fact 
that M.I.T. has played a significant role in techno- 
logical progress. In view of the cataclysmic changes 
which have taken place with the evolution of modern 
technology, it is reassuring and comforting to find 
entities which have kept pace with technical progress 
and yet maintained their own individuality. 

The Department of Mechanical Engineering is one 
such entity. When the Institute’s doors were first 
opened for classes, the original faculty of 11 mem- 
bers included William Watson, Ph.D., who held the 
title of Professor of Descriptive Geometry and Me- 
chanical Engineering. From this title one can appre- 
ciate that, according to modern standards, the activ- 
ities in Mechanical Engineering must have run on 
a very small scale indeed. When Professor Watson 
resigned in 1873, he was succeeded by an M.LT. 
Alumnus, Channing Whitaker, of the Class of 1869, 
who was appointed assistant professor of mechan- 
ical engineering. In a very short space of time the 
Department grew to such a size that its teaching 
could no longer be handled effectively by a single 
professor. In fact, by the turn of the century, Me- 
chanical Engineering had the largest enrollment of 
any course at the Institute. Half a century later, 





By means of a high-speed electronic computer (shown with 
operator in corner of room) and cathode-ray oscilloscopes dis- 
tributed throughout the classroom, undergraduate students in 


dynamics are able to see immediately the effects of changed 





conditions, such as beam loading. 
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A quarter of a century ago, photoelastic stress studies were 
undertaken only in advanced research laboratories, but today 
every undergraduate in Mechanical Engineering has oppor- 
tunity to learn how to interpret stress patterns shown here. 


the records show that the Institute had awarded 
more than 5,000 degrees to students in the Depart- 
ment of Mechanical Engineering. Although most of 
these have been bachelor’s degrees, the Department 
is also proud of having trained almost 800 men who 
have received the master’s degree and some 70 upon 
whom the doctorate has been conferred. 


Role of the Mechanical Engineer Today 


Since mechanical engineering activities are now 
diffused throughout practically all industrial opera- 
tions, it is difficult to assign specific boundaries to 
the profession. The only fields of mechanical en- 
gineering endeavor which, throughout the years, have 
remained within the traditions of the profession are 
those dealing with power and manufacturing. These 
fields continue to provide inspiration for creative 
activity, and experience affords ample proof that 
professional opportunities within these areas are just 
as rich today as they were a generation ago. 

That the mechanical engineering profession is 
facing a continually growing sphere of activity and 
opportunity is well demonstrated by recent achieve- 
ments, some of which have received much greater 
publicity than others. Perhaps the most spectacular 
of these achievements is represented by the engi- 
neering which has culminated in the development 
of the gas turbine as a new form of heat engine. 
In less than a decade this development has brought 
about a complete revolution in aircraft propulsion. 
However, developments of great importance have 
also occurred in numerous less publicized accom- 
plishments. For example, the steam power facilities 
for electric power generation have nearly doubled 
in this country during the last decade, and in the 
course of this increase in capacity very noteworthy 
accomplishments have been made, both in terms of 
the size of individual units and in fuel economy. 
The utilization of atomic energy for civilian purposes 
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will soon confront this industry with a new challenge. 
In the transportation industry some very striking 
developments have taken place since the end of 
World War II. Our railroads have succeeded in 
refurbishing their rolling stock and now operate 
largely with Diesel-electric motive power instead of 
steam. Commercial air transportation has reached 
the stage of jet propulsion. Natural gas from the 
fields of the Southwest has been made available in 
the North and East as a result of pipe-line develop- 
ments of remarkable scope. At the same time, a very 
noteworthy increase in the national productive 
capacity has taken place. This has been accom- 
plished not only by the development of new and 
more efficient machines and methods, but also by 
the engineer's ingenuity toward increasing the out- 
put of existing equipment. The entire field of ma- 
chine tools is currently undergoing a quiet revolu- 
tion as a result of the application of basic scientific 
research to problems of metal cutting, metal forming, 
and automatic control. 

Developments such as those mentioned above fall 
directly within the scope of the mechanical engi- 
neers activities and represent more or less direct 
applications of his training. In addition, however, 
the role of the mechanical engineer is equally sig- 
nificant in many of the other engineering specialities. 
Regardless of the major field involved, the majority 
of the engineering problems to be solved usually 
present a great many aspects which fall within the 
scope of mechanical engineering. 

In the course of time, each field of engineering 
seems to go through a certain pattern of develop- 
ment. Following an initial phase of basic invention 
and application of new scientific principles, there 
occurs a period of consolidation in which problems 
of practical application are encountered in their full 


dimensions. Although plateaus of consolidation are’ 


sometimes regarded as being devoid of exciting de- 
velopments, it is actually during this stage that most 
of the significant advances in the mechanical en- 
gineering aspects are made. 

The design of electrical machinery went through 
such a consolidation about 30 years ago, when a 
whole series of significant problems in mechanical 
engineering had to be faced. Basic engineering prob- 
lems in strength of materials, vibration, automatic 
control, and so on, found their solution for the first 


time, with the result that progress in the rest of the : 


industrial complex was much accelerated. 

There are many signs that other branches of engi- 
neering are currently undergoing similar epochs of 
consolidation. The chemical engineering industry has 
become increasingly aware that the special compe- 
tence of the mechanical engineer is indispensable to 
success. Organizations in the aircraft, petroleum, and 
chemical manufacturing fields are especially alert to 
the contributions of the mechanical engineer. 

The young mechanical engineer is thus in the for- 
tunate position of being able to look to nearly the 
entire industrial complex for his professional op- 
portunities. Success in his career may require that 
he achieve special competence in some particular 
field of employment, and eventually, as a result of 
assuming various specialized duties, he may no 
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longer be recognizable as an mechanical engineer. It 
is only fair to concede that the reverse process can 
also take place. 

The facility with which a man trained in one 
branch of engineering is able to embark upon a suc- 
cessful career in another field is one of the sources 
of strength in American engineering education, in 
which the process of professional development is 
assumed to begin in earnest with the award of the 
bachelor’s degree. Training in mechanical engi- 
neering, which provides a general background in 
technology, enables the young graduate to be poised 
for real opportunities whenever and wherever they 
arise. At the same time, the objective of a universal 
type of training, to suit all roles in which mechanical 
engineers may find themselves, creates difficult 
problems in planning an educational curriculum and 
in supporting professional activities of the Depart- 
ment of Mechanical Engineering. 


Graduaie Education and Industrial Relations 


For many years the mechanical engineering pro- 
gram at M.I.T. consisted primarily of the under- 
graduate curriculum. Along with many similar in- 
stitutions, M.I.T. followed the premise that effective 
professional training in engineering could be made 
part of a four-year undergraduate program. This 
scheme has been successful in furnishing appropri- 
ate training for the majority of men entering indus- 
try, but it does not provide the lifeblood of creative 
work which is so desirable for teachers, nor does it 
meet the recent demands of industry for engineers 
with advanced professional training. 

Graduate work leading to the doctorate in Me- 
chanical Engineering commenced in the 1920's and 
had already become significant by 1940. However, 
the real expansion in graduate training occurred as 
part of the upswing which took place in professional 
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education at the end of World War II. The be- 
ginning of a truly professional program in mechan- 
ical engineering, in which the undergraduate pro- 
gram is fed by a synthesis of research combined with 
advanced and mature study, is then a product of 
the last decade. A well-developed program of grad- 
uate study and research can attract the outstanding 
leader in science or technology, and in turn his 
presence on the Faculty attracts the gifted student 
who becomes creative in research or teaching. 

The growth of graduate professional training in 
the Department of Mechanical Engineering has been 
accompanied by an increasingly intimate relation- 
ship with industry and the practical realization that 
industrial experience and connections form an es- 
sential background for all who teach mechanical 
engineering subjects. Because of the difficulties in- 
volved in attracting men with promising careers in 
industry into academic life and of enabling teachers 
to acquire worth-while industrial experience in the 
past, there appear to have been periods during 
which teaching lacked vitality as a result of loss of 
industrial contact. However, a decided step forward 
was made when outstanding industrial practice 
along the lines of development and research was 
recognized as equivalent to academic merit in sim- 
ilar undertakings. This philosophy and continued 
opportunity for industrial contacts have now made 
it possible to attract outstanding men from industry 
to the teaching profession. At present, several of the 
leaders in the Department have had the benefit of 
mature industrial experience, and much has been 
gained in this respect. 

The continued growth of the undergraduate pro- 
gram provides ample proof of the invigorating in- 
fluence of these developments. There is every reason 
to believe that the demand for undergraduate 


education in mechanical engineering will increase. 
For the majority of the undergraduates, the four- 








Students working on theses helped to determine (left) the temperature distribution, shown here, along a wedge-shaped aircraft 

wing traveling at very high supersonic velocities. Interferometer photographs (right) which record changes in the refractive index 

of a substance, provide students with another effective method of analysis. The nozzle at the left discharges carbon dioxide into 

air. As air and carbon dioxide mix, the variations in density of the combination produce changes in the refractive index of the 

mixture which appear as alternate light and dark bands. Such interferometer patterns have been used by students studying nozzle 
design, or to determine how gases mix in combustion chambers. 
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year curriculum is still a good compromise between 
the pressure for increased professional background 
and the need to begin one’s career in the competitive 
world. The minority who go on to graduate work 
will already have absorbed, from their undergradu- 
ate program, a basic philosophy and mature point 
of view which is invaluable in advanced studies. 


Professional Scope of the Department 


With the development of graduate education, it 
has become easier for the Department of Mechanical 
Engineering to reorganize certain of its groups and 
to promote professional orientation in specific di- 
rections. Some groups, such as those in applied me- 
chanics, fluid mechanics, materials (including plastics 
and textiles), thermodynamics, heat transfer, and 
stress measurements, are oriented toward fields of 
applied science. Others, such as those engaged in 
machine design, automatic control, metal cutting, 
metal forming, and machine tools, are oriented 
toward processes. Finally, there is a group oriented 
toward specific devices, such as power plants, heat- 
ing and air-conditioning equipment, internal com- 
bustion engines, and gas turbines. 

While acceptable for the present as a device of 
operation, this structure is not intended to present a 
complete synthesis of mechanical engineering. Nat- 
urally, no clear definition exists as to the exact scope 
of this field of engineering, or even the supporting 
disciplines of applied science. Actually, the field 
contains a very large number of specialities, of which 
only a few can find adequate representation on the 
staff or in the curriculum. 

The assumption that a field as extensive as me- 
chanical engineering could be delineated by definite 
boundaries has been harmful, since frequently this 
has led to the retention in the curriculum of out- 
moded problems and concepts or to superficial treat- 
ment of subjects of great scope, when a more 
penetrating treatment of fewer topics might have 
provided a better training. 


Educational Philosophy 


Far more important than matters of external form 
are the ideas and ideals which underlie educational 
activities. These can find their expression only 
through individual teachers and, in the last analysis, 
no program can do more than provide the means of 
expression for the ideas of men on the staff. There 
is a gradual evolution going on in professional edu- 
cation which promises much for the future. Some of 
the major trends of this change may be of interest. 

First and foremost in this evolutionary process is 
a reaffirmation of the truth that effective teaching 
must spring from creative work on the part of the 
teacher. This creative work may deal with research 
in the academic institution, or it may be connected 
with activity in industry or in government. Tech- 
nological education, in particular, cannot prosper in 
sterile academic forms. It must feed on life itself, and 
anything which is significant in the technological 
activity of our society is worthy of serious study and 
the most imaginative application of scientific rigor. 
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These ideas were part of the basic philosophy of 
the Institute from its beginning, but in the course 
of time they came to be forgotten. In the process 
of revitalization of the Department of Mechanical 
Engineering which started two decades ago, atten- 
tion was first given to the synthesis of applied sci- 
ences. The program was strengthened both with 
respect to scientific rigor and the relevance of the 
subjects to the problems of the industrial world. The 
process started with thermodynamics and fluid me- 
chanics and continued through applied mechanics, 
particularly vibrations, control phenomena and 
strength of materials. The internal combustion 
engine and the gas turbine served as inspiring ulti- 
mate objects of application. The most recent field to 
be given strengthened scientific rigor is that of mate- 
rials, especially certain aspects of solid state physics 
which have applications not only in metals but also 
in plastics and textiles. 

Equally important as this infusion of scientific 
methods is the increasingly close contact with 
industrial operations. The bonds which unite indus- 
trial enterprises and professional institutions of 
learning are much stronger than they formerly were, 
but they need continual strengthening and reinforce- 
ment, and not only for the financial issues involved. 

The response from industry to a program of 
co-operation between industrial and educational 
groups is extremely encouraging, even though many 
major industrial enterprises remain to be convinced 
that active co-operation with universities is worth 
while. Industrial leaders often observe, with a touch 
of impatience, that the engineering schools should 
occupy themselves with teaching the fundamentals 
of science, leaving to industry itself the training in 
technological practice. This argument has a certain 
force of logic but it does not take into consideration 
one of the most important aspects of the educational 
process. The boy who studies engineering usually 
does so because he is interested in machinery as 
well as in science. A great deal of the enthusiasm 
he feels for his studies is derived from the sense of 
relevance to the external world that his studies give. 

This argument has no less validity for the part of 
the program which is labeled Humanities or the 
Social Sciences. Indeed, the very names should be a 
constant reminder of their relevance to life. The 
Institute has taken important steps in recent years 


to strengthen this part of its educational program.’ 


The Department has always considered some in- 
dustrial experience essential to the student prior to 
graduation. To facilitate this it has revived its 
co-operative training program which provides stu- 
dents with an opportunity of spending approximately 
six months in industry without lengthening the 
normal four-year undergraduate course or changing 
the curriculum in any way. This program is working 
out very satisfactorily from both the industrial and 
academic points of view, since it provides future 
employers with a really good opportunity to estimate 
a man’s ability and it enables a student to make 
firsthand observations of certain of the technical 
aspects of industry, as well as those daily human 
relationships which are so important in everyday life. 

(Continued on page 442) 
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Problem of lonizing Radiation 





The Difference between Beneficial and Harmful 
Effects of Radiation Is Mainly One of Control 


By HAROLD BAVLEY 


HE birth of the Atomic Agé occurred not with 

the explosion of the first atomic bomb in 1945, 

but just 50 years prior to that memorable event 
with the discovery of x-rays by an obscure physics 
professor named Wilhelm Konrad Roentgen, while he 
was engaged in research at the University of Wiirz- 
burg in Bavaria. Professor Roentgen discovered that, 
by use of a relatively high vacuum tube invented by 
an Englishman, Sir William Crookes, the rays ema- 
nating from such a tube when a high-voltage current 
is sent through it, would penetrate objects which 
were opaque to ordinary light and would also affect 
a photographic plate. After short but intense study 
of this new phenomenon, he submitted to the local 
scientific society his findings on this new type of ray. 
The news of his discovery was widely publicized by 
newspapers and periodicals throughout the world, 
and everyone at that time became x-ray conscious. 
Dramatization of this new mysterious power, and the 
accompanying stories, cartoons, and poems, caused 
an hysteria among the populace because it came to 
be believed that these strange rays could “see” 
through anything. An irate New Jersey assemblyman 
introduced a bill in the state legislature prohibiting 
the use of these penetrating rays in opera glasses at 
theaters, and in London a firm “made prey of the 
ignorant women by advertising the sale of x-ray 
proof clothing.” 

A few popular newspapers, both here and abroad, 
vehemently declared that the Roentgen rays should 
be banned, the discoverer executed, and all x-ray 
equipment dumped into the sea. Some of Roentgen’s 
contemporaries accused him of being a mercenary 
scientist, when the truth really was that Roentgen 
sought no reward nor received any monetary gain ex- 
cept the Nobel prize for physics in 1901. Whether 
Roentgen wished it or not, he became famous almost 
overnight. He received a decoration and a title from 
Wilhelm II, Emperor of Germany; and boulevards 
and streets were named after him. 


X-rays — Their Nature 


Roentgen rays or x-rays are considered to be elec- 
tromagnetic radiations or vibrations (similar to ordi- 
nary light [4,000-7,000 angstroms] but of much 
shorter wave lengths — 10-150 angstroms) set in mo- 
tion when electrons, moving at a high velocity, im- 
pinge on certain substances, especially the heavy 
metals. These rays are generated by passing a cur- 
rent, at high voltage, through a highly exhausted 
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vacuum tube. The radiations emanate in “bundles” or 
“packets” from the x-ray tube, and are not homoge- 
neous but are made up of different wave lengths. The 
shorter wave x-rays are more penetrating and are 
known as “hard” rays; the longer wave, less energetic 
rays are known as “soft” rays. The higher the voltage, 
the shorter the wave lengths and the more penetrat- 
ing the rays. The hard x-rays, therefore, are more 
dangerous to the deeper tissues and organs within 
the body; the soft rays are more easily absorbed by 
the outer layers of tissue, and present, if uncontrolled, 
a serious hazard to the skin. Where x-ray is used for 
other purposes than skin therapy, filters, such as 
aluminum, are usually provided to absorb most of the 
unwanted softer radiation. There were many diffi- 
culties to surmount before an x-ray tube was devel- 
oped in 1913 by William David Coolidge, 96, making 
it possible for the operator to control the output of 
x-rays. Prior to this invention, it was necessary for 
the radiologist to have on hand several different sizes 
of tubes and also to have the ability of estimating the 
output, an obvious danger. Even the earliest Coolidge 
tubes were capable of continuous, stable operation at 
voltages up to 200,000 volts. The Coolidge tube using 
a high vacuum and a tungsten target, oil insulated 
and water cooled, at present enjoys popular use. Dr. 
Coolidge developed the sectional x-ray tube operat- 
ing on the cascade principle. After further research, 
it was found that by using Freon gas instead of oil 
as insulation, it was possible to develop the 1,000,000- 
and 2,000,000-volt units which are today used by hos- 
pitals and industry. 

One source of hazard results from the uncontrolled 
scattering of x-rays by reflection, refraction, and dif- 
fraction. Scattering becomes increasingly important 
at short wave lengths because of its increased ability 
of penetration. Suitable precautions such as location, 
shielding, and so on, are extremely necessary to pre- 
vent any unintentional exposure to operators and re- 
lated personnel. 

The ability of x-rays to cause ionization of matter, 
indirectly, aids in the quantitative. measurement of 
the rays. An arbitrary unit of measurement (named 
in honor of Réntgen) has been devised, based on the 
resulting ionization caused by the rays. The roentgen 
is defined as that amount of x-rays which will produce 
one electrostatic unit of ions in one cubic centimeter 
of air under standard conditions of temperature and 
pressure. Because ionization is produced by a “radio- 
active source,” the roentgen is used also as a unit of 
measurement of the ionization produced by the radio- 
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active substances. Suitable instruments have been 
developed to measure the amount of ionization pro- 
duced by x-rays and are a means of evaluating the 
potential hazard. 


X-rays — Their Injury Experience 


Soon after the discovery of x-rays, the claims which 
Roentgen had made for these new rays were substan- 
tiated, and workers in medicine and science soon 
realized the importance of this discovery, particu- 
larly in diagnosis and treatment. However, there was 
no appreciation of the hazard presented by these 
rays, for little was known except that the rays could 
be created and used as a part of a valuable technique. 
Within a period of one half to two years from the 
date of discovery, a series of injuries were reported 
among the personnel using x-rays. In 1907, Dean re- 
ported 20 to 30 cases of occupational dermatitis in 
Great Britain. By 1911, Krause reported that 26 cases 
of carcinoma were recognized among the medical 
staff, 24 cases among the technical staff manipulating 
the apparatus, and 4 among patients treated. During 
the same era, Hesse cited 94 cases of carcinoma.°® 
Kaye states in his book Roentgenology,+ “A succes- 
sion of deaths from aplastic anemia brought matters 
to a head in England in 1921. Public opinion was 
stirred and the assurance companies began to regard 
the roentgen-ray worker with an unfavorable eye.” 

The number of x-ray injuries resulted in the forma- 
tion of committees among the various scientific 
groups for the promulgation of rules and regulations 
for the proper use of equipment producing x-rays, 
and for the protection of the personnel who might 
use or be exposed to this potentially dangerous source 
of ionizing radiation. The codes developed for the 
safe use of x-rays have served as a foundation for 
codes developed for the prevention of injury from 
other sources of ionizing radiation, such as natural 
and artificial radioactive isotopes. Unfortunately, 
there are those who, due to unfamiliarity or lack of 
knowledge of the hazards of x-rays, are still being in- 
jured even at this time. In 1941, in a West Coast ship- 
yard, unauthorized persons, uninstructed in the use 
of industrial x-ray equipment, entertained themselves 
by observing their hands and feet on a fluorescent 
screen. The ensuing injuries to 59 employees were of 
such severity as to result in amputations in several of 
the injured personnel. This tragic example empha- 
sized the need of rules and regulations governing the 
handling of x-ray equipment. 

X-rays cause both local and systemic injury de- 
pending upon the quality, quantity, and dosage. 
Locally the skin may be affected in many ways. Small 
daily doses may cause the skin to become dry and 
inelastic, with the nails becoming striated and brittle; 
in addition, painful wart-like growths may appear on 
the skin. When exposure is high, a severe burn may 
result. If the skin is damaged to any great extent, 


* Occupation and Health (Geneva: International Labour 
Office, 1934), II:777-786. 


+ George W. C. Kaye, Roentgenology: Its Early History, 
Some Basic Physical Principles and the Protective Measures 
(New York: Paul B. Hoeber, Inc., 1928). 
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ulcers or cancer may develop. Temporary or perma- 
nent sterility may result from a high degree of ex- 
posure localized in the area of the reproductive 
organs. Injury and defective changes due to excessive 
radiation may occur in the fetus when the uterus of 
a pregnant woman is subjected to excessive x- 
radiation. Systemically, excessive exposure may Cause 
damage to the blood-forming organs, and dyscrasias, 
such as leukemia, leukopenia, and aplastic anemia 
may result. Excessive exposure can cause cancer, de- 
struction of the bones, or both. In several cases, which 
have been studied, the injury has progressed to a fatal 
termination. 

The ionization of tissue results in the damage just 
mentioned. X-rays and radioactive substances will 
produce similar injuries, the severity being depend- 
ent upon the amount of ionization produced in the 
body. 


First Commercial Use of X-rays 


X-rays were first used commercially (for nonmedi- 
cal purposes) in 1922, at the Watertown Arsenal as an 
aid in furthering the development of improved foun- 
dry techniques. Detection of hidden defects, such as 
cracks and blowholes in castings, and defects in alloys 
from faulty mixtures by means of x-rays, assured the 
use of satisfactory castings where needed. Besides its 
use in metallurgical inspection, x-rays provide indus- 
try with the means to learn about the “inside” of any 
article without destroying it in any way. X-rays may 
be used in two ways. Many articles may be examined 
by fluoroscopy, in which a shadow image is formed 
on a fluorescent screen. Fluoroscopy is of value in de- 
termining whether or not component parts of an 
article are in proper position and may also be used to 
sort vegetables, fruits, and so on, revealing spoilage or 
adulteration of the product. X-rays are employed also 
in obtaining permanent records. Instead of the image 
appearing on a fluorescent screen, it is recorded per- 
manently on photographic film. Radiography is of 
value not only for determining whether a product has 
been manufactured satisfactorily, but may be also 
used in analytical determination of mineral sub- 
stances by photographing the diffraction pattern. 


Radioactivity — Discovery and Development 


In his search for substances which would affect a 
photographic plate similar to x-rays, Henri Becquerel 
discovered in 1896 the phenomenon of radioactivity 
during the investigation of uranium. The Curies, fol- 
lowing Becquerel’s research, discovered radium and 
produced it in its metallic form in 1902. However, 
radium as we know it today is produced as a salt of 
radium; as a chloride, a sulfate, a bromide or a car- 
bonate. The manufacturing method used by Madame 
Curie and André Debierne is still the method of 
choice today. This method consists of three stages in- 
volving the grinding of ore, treatment with acids, and 
the elimination of the acids by washing and fractional 
crystallization. Other radioactive elements discovered 
by the Rutherfords and the Curies, by separating and 
identifying the radioactive compounds, led to the de- 

(Continued on page 446) 
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From the Ballot Box 


ALLots for election of officers to guide the af- 

fairs of the Alumni Association for the fiscal 

year which begins on July 1, 1953, were counted 
on April 25 and indicated that the men named below 
will serve as officers of the Alumni Association, alumni 
term members of the M.I.T. Corporation, members of 
the National Nominating Committee, and class repre- 
sentatives on the Alumni Council. 

Horatio L. Bond, ’23, will ably fill the office of presi- 
dent of the Association for one year. The vice-presi- 
dency will be held by Richard S. Morse, ’33, and the 
two new members of the Executive Committee are 
Avery H. Stanton, 25, and Frederick B. Grant, ’39. 
Messrs. Morse, Stanton, and Grant will serve for terms 
of two years. 

Elected to serve as alumni term members of the 
M.I.T. Corporation for a period of five years are: 
Clarence D. Howe, ‘07, Edwin D. Ryer, ’20, and James 
H. Doolittle, 24. To fill the unexpired term of the late 


C. Adrian Sawyer, Jr., 02, on the M.I.T. Corporation, 
Robert C. Sprague, ’23, was named. 

Members of the National Nominating Committee 
for their respective districts have been chosen for a 
term of three years, as follows: Laurence P. Geer, ’15, 
for District 8; Robert J. Joyce, ‘28, for District 9; and 
Richard L. Cheney, ’27, for District 10. 

To serve a five-year period, Class Representatives 
on the Alumni Council were voted on by members of 
the classes whose numerals end in four or nine, with 
the following results: George Owen, ‘94, Miles S. 
Sherrill, 99, Eugene H. Russell, Jr., 04, Arthur L. 
Shaw, 09, H. B. Richmond, ’14, George W. McCreery, 
19, G. Raymond Lehrer, ’24, Eric A. Bianchi, ’29, 
Henry B. Backenstoss, ’34, Frederick B. Grant, 39, 
Robert D. Peck, 2-44, Albert B. Van Rennes, 10-44, 
and Archie H. Harris, 3d, *49. 

A count of the ballots shows 3,148 valid votes cast 
for officers of the Alumni Association and for mem- 
bers of the National Nominating Committee; 2,598 for 
alumni term members of the M.I.T. Corporation. 





Listed below is the latest available information 
on class get-togethers and reunions which are to be 
held in conjunction with Alumni Day on Monday, 
June 15, and on other dates: 


1891 June 13. Dinner at 1:00 p.m. at The Country 
Club, Brookline, Mass. 

1893 Dinner at M.LT. Faculty Club. Leonard B. 
Buchanan, reunion chairman, Stone and 
Webster, Inc., 49 Federal Street, Boston. 

1898 June 15-17. Reunion headquarters after Alumni 
Day, June 15, at Hotel Vendome, Boston. 
June 16, guests of Roger Babson at Welles- 
ley; June 17, The Country Club, Brookline, 
Mass. Lester D. Gardner, reunion chairman, 
875 West End Avenue, New York 25, N.Y. 

1900 June 16-18. The Pines, Cotuit, Mass. Elbert G. 
Allen, Secretary, 11 Richfield Road, West 
Newton, Mass. 

1903 June 12-15. June 12, participation in com- 
mencement exercises; June 13 and 14, 50th 
reunion celebration at Coonamessett Ranch 
Inn, North Falmouth, Mass.; June 15, parti- 
cipation in Alumni Day events. Carlton F. 
Green, reunion chairman, Stone and Web- 
ster, Inc. , 49 Federal Street, Boston. 


1905 June 19-21. Wianno Club, Osterville, Mass. 
1908 June 12-14. Snow Inn, Harwich Port, Mass. H. 


Leston Carter, reunion chairman, 14 Roslyn 
Road, Waban 68, Mass. 

1911 June 19-21. Informal get-together at Snow Inn, 
Harwich Port, Mass. 

1913 June 12-14. Oyster Harbors Club, Osterville, 
Mass. William R. Mattson, reunion chairman, 
28 Brookdale Road, Newtonville 60, Mass. 





Class Reunions 


1916 June 5-7. Coonamessett Ranch Inn, North Fal- 
mouth, Mass. 

1918 June 12-14. Weekapaug Inn, Weekapaug, R.I. 
Reunion chairmen: Max Seltzer, 87 Ivy 
Street, Brookline, Mass.; Saxton W. Fletcher, 
880 North Street, White Plains, N.Y. 

1921 June 15. Class cocktail party at Hotel Statler, 
Boston, preceding Alumni Banquet. 

1922 June 15. Cocktail party at Hotel Statler, Boston, 
preceding Alumni Banquet. 

1923 June 11-14. Sheldon House, Pine Orchard, 
Conn. Channing P. Clapp, reunion chairman, 
210 Main Street, Matawan, N.]. 

1928 June 12-15. 25th reunion at Baker House, 
M.LT., Cambridge, June 12-14. Participa- 
tion in Alumni Day events, June 15. Wil- 
liam H. Carlisle, Jr., reunion chairman, Room 


5-121, M.I.T., Cambridge. 


1933 June 12-14. Wentworth by the Sea, Ports- 
mouth, N.H. Charles C. Bell, Universal 
Winding Company, Elmwood Avenue, 
Cranston, R.I. 

1938 June 12-14. Curtis Hotel, Lenox, Mass. A. 


Louis Bruneau, Jr., reunion chairman, 412 
Ponfield Place, ‘Ridgewood, N.]. 

1943 June 12-14. Mayflower Hotel, Plymouth, Mass. 
James F. Hoey, Jr., reunion chairman, 1826 
Center Street, West Roxbury 32, Mass. 

1948 June 13-14. Mayflower Hotel, Plymouth, Mass. 
Richard H. Harris, reunion chairman, 26 
South Street, Grafton, Mass. 


For further information, please consult your class 
secretary or reunion chairman to make arrange- 
ments for attending a class get-together and the 
events of Alumni Day on June 15. 
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Alumni Day, 1953 


“sce ays reunion activities for several classes, as 
well as celebrating a yearly occasion for others, 
will be the events of Alumni Day on Monday, June 15. 
Alumni who return to Cambridge for this annual 
event will participate in a day planned for the enjoy- 
ment of good fellowship evoked by a renewal of 
friendships and of familiar sites. 

Registration will be in the morning in the lobby of 
Building 7 (Rogers Building), and at 10:30 a.m., the 
following Departments will hold open house: Aero- 
nautical Engineering, Biology, Business and Engi- 
neering Administration, Chemical Engineering, Civil 
Engineering, Electrical Engineering, Food Technol- 
ogy, Mechanical Engineering, and Naval Architecture 
and Marine Engineering. 

A buffet style luncheon is scheduled at 12:30 p.m. in 
the Great Court, when James R. Killian, Jr., ’26, Presi- 
dent of the Institute, will address the guests. The 
World War II Memorial, in the lobby of Building 10, 
will be dedicated at 3:00 p.a1., and following the dedi- 
cation, President and Mrs. Killian will welcome 
Alumni at an Open House at their home at 4:00 p.m. 

Topping the day’s events for Alumni, at 7:00 p.m. 
will be the annual Stein-on-the-Table Banquet at the 
Hotel Statler. Erwin D. Canham, editor of the Chris- 
tian Science Monitor, will be the principal speaker at 
the banquet, and presentation of gifts to M.L.T. will be 
made from the 25- and 50-year classes. Alumni who 
attend the banquet will receive a new stein designed 
by Henry B. Kane, ’24, Director of the Alumni Fund, 
to add to their collection. At the Statler, there will 
also be a special banquet for the ladies at which the 
speaker will be Mrs. Elspeth D. Rostow, Assistant 
Professor of History in the-M.I.T. Department of Eco- 
nomics and Social Science. 

Chairman and cochairman, respectively, for Alumni 
Day, 1953, are George W. McCreery, 719, and Theo- 
dore T. Miller, 22. Those serving on subcommittees 


follow: Banquet: Donald W. Kitchin, °19, chairman, 
Arthur H. Blake, 19, James Donovan, ‘28, Eric A, 
Bianchi, ’29, Clarence R. Westaway, °33, Albert O, 
Wilson, Jr., 38, Richard J. Zeamer, ‘43, Harl P. 
Aldrich, Jr., ’47, Richard H. Harris, 48; Departmental 
Reunions: Carl F. Floe, ’35, chairman, Philip A. Stod- 
dard, 40, Kenneth R. Wadleigh, 43; Luncheon: E. P. 
Brooks, 17, chairman, Alan W. Burke, ‘20, Chenery 
Salmon, ’26, Randolph Antonsen, °35, Frederick B. 
Grant, 39, Oswald Stewart, 2d, °39, Theodore P. 
Heuchling, 2-46, Donald A. Hurter, 6-46, Richard A. 
Snow, "48; Ladies: Mrs. John B. Wilbur, chairman, 
Mrs. E. P. Brooks,Mrs. Gordon S. Brown, Mrs. Walter 
H. Gale, Mrs. Ralph T. Jope, Mrs. James R. Killian, 
Jr., Mrs. Robert M. Kimball, Mrs. Donald W. Kitchin, 
Mrs. George W. McCreery, Mrs. Theodore T. Miller, 
Mrs. Avery H. Stanton; Registration: Wolcott A. 
Hokanson, staff, chairman, G. Edward Nealand, °32, 
Robert E. Hewes, °43; Transportation: Emmons J. 
Whitcomb, ’11, chairman, Malcolm S. Stevens, ’34. 


Dollar to Doughnut 

ARREN K. Lewis, 05, who is a very much revered 
W ina almost fabulous character in the engineer- 
ing world, is technically a professor emeritus in the 
Department of Chemical Engineering. Actually, he is, 
of course, very much on the job. His greatest pride is 
in his former students — some of whom have collected 
“Doc’s” stories both for their own enjoyment and as an 
unusual method of recognizing and honoring his re- 
tirement. 

“The Lewis Story,” appearing under the title of 
A Dollar to a Doughnut, is a privately printed, 62- 
page booklet of anecdotes of the teaching and pro- 
fessional experience of Professor Lewis, and almost 
each story has an appropriate illustration by Henry 
B. Kane, ’24, Director of the Alumni Fund. Copies of 
A Dollar to a Doughnut may be obtained for $3.00 
each from Professor Thomas K. Sherwood, ’24, of the 
Department of Chemical Engineering, M.I.T. 








Although M.1.T. is known 
primarily for the quality of its 
education in science, engi- 


Alumni frequently achieve 
distinction in a wide variety 
of other fields as well as in 
these three. In recognition of 
“outstanding services in the 
field of international states- 
manship” members -of the 
Class of 1907 recently pre- 
sented this handsome cup to 
Clarence Decatur Howe, ’07, 
Minister of Defence Produc- 
tion in Canada. The silver 
cup was designed and fash- 
ioned by Leverett H. Cut- 
ten, also of the Class of 1907. 
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FACULTY 


Promotions 
and 


Appointments 


M.I.T. Photos 


Cc. C. Lin E. E. Morison 
CCORDING to a recent announcement by James R. Kil- 
lian Jr., 26, President, the Institute has acquired eight 
new full professors — seven by promotion and one as a 
new appointment. In addition, 11 assistant professors have 
been promoted to associate professor, and three new as- 
sociate professors have been appointed to academic posts. 
Members of the staff promoted to the rank of full pro- 
fessor are: Raymond L. Bisplinghoff, Department of Aero- 
nautical Engineering; Patrick M. Hurley, 40, Department 
of Geology and Geophysics; Elting E. Morison, School of 
Industrial Management; Chia-Chiao Lin, Department of 
Mathematics; Milton C. Shaw, Department of Mechanical 
Engineering; Herbert H. Uhlig, 32, Department of Met- 
allurgy; and Martin Deutsch, 37, Department of Physics. 
Assistant professors promoted to the rank of associate 
professor are: Robert K. Mueller, 32, Department of Aero- 
nautical Engineering; Charles N. Satterfield, 43, Depart- 
ment of Chemical Engineering; C. Gardner Swain, 
Department of Chemistry; Morris A. Adelman, Depart- 
ment of Economics and Social Science; Alexander Kusko, 
2-44, and William K. Linvill, 6-45, both of the Department 
of Electrical Engineering; E. Neal Hartley, Department 
of English and History; William Van Alan Clark, Jr., ’42, 
School of Industrial Management; Benjamin L. Averbach, 
47, Department of Metallurgy; S. Curtis Powell, 37, De- 
partment of Naval Architecture and Marine Engineering; 
and Malcolm W. P. Strandberg, °48, Department of 
Physics. 
Promotions to the rank of assistant professor are: 
Howard P. Jenerick, Department of Biology; James E. 
Boyce, and Romney Robinson, 51, both of the Depart- 
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M. Deutsch, ’37 P. M. Hurley, °40 





H. H. Uhlig, ’32 


M. C, Shaw 


ment of Economics and Social Science; David J. Epstein, 
49, Earl W. Keller, ’49, Denis U. Noiseux, 9-46, Fazlol- 
lah M. Reza, Paul E. Stoft, 49, and Paul E. Smith, Jr., all 
of the Department of Electrical Engineering; Alfred D. 
Chandler, Jr., Thomas F. O'Dea, and Robert E. Mac- 
Master, all of the Department of English and History; 
Roger M. Stinchfield, 40, Department of Food Tech- 
nology; John F. Nash, Jr., Department of Mathematics; 
and Jack B. Chaddock, ’49, Nathan H. Cook, ’50, Leonard 
Maunder, Gerhard Reethof, 47, Robert H. Shoulberg, 
48, David K. Felbeck, '49, Eugene L. Foster, and 
Donald R. Walker, ’50, all of the Department of Mechani- 
cal Engineering. 

New appointments include: John M. Buchanan who 
will be professor and head of a new Division of Biochem- 
istry in the Department of Biology (as already recorded in 
the December, 1953, issue of The Review); Walter Isard, 
Associate Professor in the Department of City and Re- 
gional Planning; Ithiel de Sola Pool, Associate Professor 
in the Department of Economics and Social Science; 
John M. Blum, Associate Professor in the Department of 
English and History; Yao T. Li, ’38, Assistant Professor in 
the Department of Aeronautical Engineering; Robert B. 
Fetter and Robert H. Gregory, Assistant Professors in the 
School of Industrial Management; Andrew A. Root, As- 
sistant Professor in the Department of Mechanical Engi- 
neering; Thomas B. King, Assistant Professor in the 
Department of Metallurgy; and Morton G. Wurtele, As- 
sistant Professor in the Department of Meteorology. 

Promotions of military personnel include those of Com- 
mander James A. Brown, °41, and Major Vincent J. 
Gangemi. 
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Official U.S. Navy Photographs 


Vice-Admiral C. Turner Joy, Super- 
intendent of the Naval Academy, 
awards the McMillan Trophy to 
Horacio Garcia, 54, skipper of the 
M.L.T. sailing crew which won the 
1953 McMillan Cup Regatta held on 
April 4 and 5 at Annapolis. Looking 
on (left to right) are: Alain J. 
Deberc, ’55, Edward A. Melaika, 
’53, Peter Felsenthal, ’54, John G. 
Sample, ’53, John H. Rieman, 54, 
Justin E. Kerwin, 53 (hidden by 
Garcia), Milton L. Almquist, Jr., 
*54, and an unidentified naval ob- 
server. 


As the starting gun resounded across 
Chesapeake Bay, yawls representing 
10 Eastern colleges and universities 
began the 1953 McMillan Cup Re. 
gatta. The annual sailing event, 
sponsored by the United States 
Naval Academy, was held on April 
4 and 5 at Annapolis. An eight-man 
crew from M.1.T. took first place 
honors in the two-day race. Second 
place went to Harvard University, 
and Williams College took third 
place. M.I.T. sailors piloted one of 
the Naval Academy’s 44-foot yawls 
shown below. 








Housing Conference 


8 i sane in relation to the economic problems of 
foreign lands was the subject of a three-day con- 
ference sponsored by the Albert Farwell Bemis 
Foundation at the Institute, from April 30 to May 2, 
1953. The Conference on Economic Development and 
Housing Abroad was planned by Burnham Kelly, ’41, 
Director of the Bemis Foundation. The M.I.T. Center 
for International Studies and the Departments of 
Architecture and of City and Regional Planning 
assisted in presenting the program. 

The conference opened on Thursday morning with 
comments by Albert M. Cole, Administrator of the 
U.S. Housing and Home Finance Agency. As the prin- 
cipal speaker at the conference dinner on Thursday, 
April 30, Sir Percy C. Spender, Australian Ambassador 
to the United States, discussed economic develop- 
ments in south and southeast Asia. 

In addition, nearly 40 other experts from through- 
out the United States and several foreign countries 
participated in conference sessions. At least 150 archi- 
tects and foreign aid and housing specialists attended 
the three-day program. 
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Commenting on plans for the conference, Mr. Kelly 
noted that: 


. . proposals for international development tend to be 
formulated by economic planners, and the importance of 
the role to be played by physical planners is often over- 
looked. Furthermore, the training of designers should be 


greatly improved by confronting them with the unfamiliar’ 


problems of the resources, desires, and needs of another 
culture. 

Great sophistication is often required to work with 
limited resources and objectives, and the habit of looking 
behind appearances for facts is more easily developed in 
unfamiliar surroundings. The conference also continues 
the interest of the Bemis Foundation in the design impli- 
cations of production of houses in large quantities. The 
contribution of a trained designer able to make appropri- 
ate use of local skills and resources, becomes a significant 
part of economic development plans. 


The conference reflected the desire of numerous 
students in this country to do useful work abroad. 
Many students in the School of Architecture and Plan- 
ning who come from abroad and who desire training 
to deal with unusual problems in their native lands 
found the conference of unusual educational value. 
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BUSINESS IN MOTION 





To ower CrLeageed oon maven LTecinedee bith 


Here is another example of thorough collaboration 
between a supplier and a customer, and the values 
obtained thereby. The case involves the production 
and bending of copper tube whose wall is rather thin 
relative to its diameter. The tube is formed into ex- 
hausts for fine pleasure craft, sailed the country over 
in both fresh and salt water. The boat builder speci- 
fies copper for this application, because of its corro- 
sion resistance, which means long life, economy, and 
the satisfaction of yachtsmen. 
However, the tube is not bent 
at the shipyard; an outside 
bending firm applies its skill 
to this exacting task. 

e When Revere suggested 
that it was a good source of 
supply for copper tube, we 
were promptly turned over to 
the fabricator of exhausts, 
with the statement that he 
was the one to be satisfied, 
that his high requirements had to be met, and that 
the boat company would merely inspect exhausts to 
make sure that they met specifications, including not 
only dimensions and curvatures, but the complete 
absence of cracks and wrinkles where the tube is bent. 
e This at first glance seemed to be an unusual prob- 
lem. The exhausts run in size from two to three and 
a half inches, outside diameter, with a wall of .049 
inch. That wall was dictated by the desire to save 
weight. If the exhausts had been made of rustable ma- 
terials, naturally they would have been much thicker 
and heavier. Revere’s Technical Advisory Service 
visited the tube bender’s plant and studied produc- 
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tion methods. Complete details were discussed with 
the Methods Department at the Revere Mill which 
would be responsible for quality. Everybody realized 
that here was a challenge. The mill, fortified by exact 
knowledge of what was needed, set up special stan- 
dards of control over roundness, concentricity and 
temper. 

e Production tube worked perfectly from the very 
beginning. No wrinkling or tearing has been encoun- 
tered by the firm which bends 
the tube. This is a tribute to 
their skill, as well as ours. 
The happy people who enjoy 
life afloat in the boats con- 
taining these copper exhausts 
have no idea of the care and 
attention given by so many 
people to a part of which they 
may be entirely unconcious, 
but which serves in its own 
way to protect their pleasure 
and their investment in carefree yachting. 

e Perhaps you, too, have problems which can be 
solved successfully by complete collaboration with 
your suppliers. If you give them, as this tube bending 
company gave us, every opportunity to study produc- 
tion methods and end uses, perhaps they may be able 
to find ways and means to lessen rejects, speed up pro- 
duction, save you money. Don’t hesitate to ask. After 
all, in every bill there is an unseen item for the cost of 
the knowledge, experience and skill necessary to pro- 
duce fine materials. You might as well obtain the plus 
values that lie behind the gallons or pounds or feet 
or tons of what you buy. 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 180] 

Executive Offices: 230 Park Avenue, New York 17, N. Y. 

SEE REVERE’S “MEET THE PRESS” ON NBC TELEVISION, SUNDAYS 

439 














1 » +. that you can Clean Condenser Tube shaate T 


without Downtime or Loss of Pressure s 
C. H. Wheeler Reverse Flow Condensers are “Self-Cleaning”. Electrically, hydraulically or 
manually operated sluice gates within the condenser reverse the flow of water in the 
tubes to flush debris and marine growth away from tube sheets. 


2 .«. that there are Vacuum Pumps with No Moving 
Parts ... and often requiring No Extra Power 8 


C. H. Wheeler Tubejets convert waste steam into useful vacuum for pumping, refrigera- 


tion, etc. 
3 » « « that a Cooling Tower can be Built to Blend with a 7 


Building—or to Stand Alone against Hurricane Winds «= 
C. H. Wheeler Water Cooling Towers may be sheathed with any building material to 
harmonize with an architectural plan. Sturdy construction is guaranteed for performance 
and durability. 


4 ee « that Material will Grind Itself into Particles 100 


Times Finer than the Human Eye Can See 
C. H. Wheeler Fluid Energy Reduction Mills reduce matetials to sub-micron particle sizes. 
Materiel is conveyed by air, steam or any gas or vapor in a closed circuit at supersonic 
—_ causing particles to reduce themselves by repeated shattering contact with one 
another. 








Bulletins mailed on request. 


C. H. WHEELER 








C. H. WHEELER MANUFACTURING CO., 19th & LEHIGH, PHILADELPHIA 32, PENNA. 








1952 PUMP ENGINEERING HANDBOOK 


The Research Has Been Done For You 
“PUMP ENGINEERING DATA” has been compiled for professional and student 


engineers who want their information in one 
volume. Designed for ease for use, with tables, 
diagrams, and charts. 


«+e was assembled by experts to 
4 provide the most pertinent and 

















up-to-date material for pump 
engineering. Substantially 
bound in maroon and gold—con- 
tains over 400 pages. 


* + covers pumping problems encountered in build- 
ings, waterworks, sewage treatment plants, oil refineries, 
mines and quarries, irrigation, power plants, food and 
chemical plants, paper mills, and in many other applications, 


Send today for your copy of 


“PUMP ENGINEERING DATA” $3.00 


'WHEELER-ECONOMY PUMPS 








ECONOMY PUMPS, INC « Division of C. H. Wheeler Mfg. Co. 
Sedgley at 19th and Lehigh «+ Philadelphia 32, Penna. 


440 THE TECHNOLOGY REVIEW 





























In the teeth of rising costs in nearly 
every phase of American life, power 
companies have done a magnificent 
job of holding down the price of 
electricity. Reheat—the dominant 
trend in postwar power practice— 
is an increasingly important factor 
in offsetting the effect of creeping 
inflation on power costs. 


Essentially, a reheat boiler pro- 
vides means for restoring the heat 
energy of partially spent steam be- 
fore it has completed its work in a 
turbine—in effect, it gives steam 
a high temperature “‘shot-in-the- 


arm.”’ This so increases the overall 











oe that’ helps keep Inflation 
out ‘ef Power Costs 
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efficiency of power generation that 
fuel savings amount to about five 
per cent—one carload of coal in 
every twenty. 

Combustion Engineering has had 
a major part in the postwar appli- 
cation of reheat boilers. The figures 
tell the story. Since 1947, C-E Re- 
heat Boilers have been ordered to 
serve a total capacity of 14,000,000 
kilowatts. How much capacity is 
that? Well, one way of describing 
it is that it’s more than enough to 
serve the home electrical needs of 
every man, woman and child in the 
United States. When all of this 





























reheat generating capacity is in 
service, the annual savings in fuel 
alone will amount to approximately 
2,500,000 tons of coal or its fuel 
equivalent. 

Combustion —a leader in the de- 
velopment of steam generating 
equipment for large power plants 
—is a leader, too, in equipment for 
the steam needs of smaller plants. 
Whether your requirements are large 
or small... for heat, power or proc- 
ess, or any combination thereof .. 
it will pay you to investigate the 
top economy and reliability you will 
get from C-E equipment. 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT 
COMBUSTION ENGINEERING, INC. 

Combustion Engineering Building * 200 Madison Avenue, New York 16, N. Y. B-645 
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aboratory and Industrial) 











y Type 
ir Cooled Transformers 
(to 1000 KVA) 


Constant Current 
gulators (Static Type) 


Many nationally known labora- 
tories and manufacturing plants use Hevi Duty 
Electric Heat Treating Furnaces where maxi- 
mum performance is desired. 


Hevi Duty specialty transformers are used 
extensively in the electrical control of indus- 
trial machinery and plant power distribution. 


Airport and street lighting have been made 
safer and maintenance costs have been re- 
duced through the use of Hevi Duty static type 
Constant Current Regulators. 


Write for descriptive bulletins 








HEV] DUTY ELECTRIC COMPANY 





HEAT TREATING FURNACES e ELECTRIC EXCLUSIVELY 
DRY TYPE TRANSFORMERS—CONSTANT CURRENT REGULATORS 






































| MILWAUKEE 1, WISCONSIN 

Hh Harold E. Koch, '22, President hi 
§ Elton E. Staples, '26, Vice President Ant 
Hit efit 
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MECHANICAL ENGINEERING 


(Continued from page 432) 


The principle that anything significant to life 
itself is worthy of serious study has recently had in- 
teresting applications within the field of mechanical 
engineering. The leaders in pure science, physics, 
chemistry, and even mathematics, have been enticed 
into ever more exotic realms of research, leaving 
fallow large regions of the older topics of study, 
Some of the neglected fields, such as dry friction, 
surface phenomena of metals, lubrication, metal 
cutting, physical properties of matter in the solid 
state, combustion, and corrosion, for example, have 
already been re-worked in recent years and have 
yielded rich returns in utility and intellectual satis- 
faction. 

Another example of the same principle occurs in 
the field of design. It is only in our own generation 
that the true significance of the design function has 
come to be fully appreciated in machinery develop- 
ments. At the dawn of the technological epoch, the 
great designers were creative in the true sense of 
the word. As industrial processes became more com- 
plex, the function of design was fragmented into 
unrelated operations, each of which tended to be- 
come a clerical routine. In recent years, the subject 
of Industrial Design has gained recognition as a 
means of coalescing and fusing together all signifi- 
cant design elements having to do with the planning, 
production, sale, use, and acceptance of a product. 
Certain domains of industrial design — in which art 
and architecture play dominating roles — may fall 
outside the scope of technological education. Never- 
theless, a promising venture has taken place and has 
inspired a few students in engineering with a new 
perspective of the design function. 

The new sense of belonging to the industrial world, 
which has come about as the result of developments 
such as those enumerated above, has also brought 
impatience and dissatisfaction with some of the out- 
moded forms of engineering education. Perhaps some 
of the worst offences were committed in stereotyped 
unimaginative laboratory exercises which outlived 
their former usefulness and today seldom represent 
noteworthy intellectual experiences. 

Although some elements of the old-fashionel lab- 
oratory instruction may have to remain, interesting 


and valuable experiences have been obtained by a, 


modified approach to the concept of “learning by 
doing.” One very promising approach is that which 
permits students to attack mature problems in teams, 
working under assigned leaders chosen from among 
themselves and supervised by members of the staff. 
Certain industries have co-operated in these pro- 
grams without expectation of return on their modest 
investments, except the hope of interesting students 
as potential employees. The scheme has obvious 
limitations and requires instructors having special 
qualifications in psychology as well as in teaching 
and technical competence. But it has already done 
much to give vitality to laboratory instruction, and 
the students have the thrill of participating in a 
stimulating experience. It represents a workable 


(Concluded on page 444) 
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ENGINEERS 






WANTED! 





Grinnell Gets $230,000,000 
Contract at Atom Plant 


Grinnell Corp. today was awarded jobs under construction and the in- 
a major sub-contract on the Ports-|terest of the company in accepting 
mouth, Ohio, area atomic plant that |the Portsmouth job. 
is estimated at $230,000,000. On the basis of these studies, it 


It was awarded by Peter Kiewit) was concluded that Grinnell was 
Sons’ Co, A-plant prime CON-|hest qualified and best able to take 
tractor, and is for mechanical CON- ion the project. 
struction on the gaseous diffusion | k — Port 
uranium separation plant. It_in-| nig ° n a “an 
cludes process piping, auxiliary)™outh area manager for ae 
piping, instrumentation, equipment | Atomic Energy Commission, said: 
installation, testing and other work| We feel we are fortunaie in ob- 
of related nature. me — Grinnell a perfor 

Grinnell management believes it age - oS 2 8 eee 
is the largest mechanical contract |i" search Pad — — pomerente = 
ever 2. Ge best available.” 

“We consider it quite an honor to Grinnell Corp, already has estab- 
“4 Fionies pn en oa ae lished offices in Portsmouth. 

‘ < S. F. Mathes, a Brown graduate, 

“It is too early to say what effect who has been affiliated with Grin- 
the providing of materials will have nell for 13 years, will be the resi- 
on the company’s operations here,” |dent manager for Grinnell. 
he added. Hugh Welshman, manager of the 
The award to Grinnell followed|local company’s industrial pipe di- 


several months of study by of ficials vision, is the co-sponsor for the job. 


of the Kiewit Co. with the Atomic!He will be the home office official 

Energy Commission. who will be responsible for the 
Factors in the selection of Grin-|necessary co-ordination and man- 

nell Corp. included its background 4gement policy for the Portsmouth 

and experience in large-scale me-/Project. 

chanical construction, its manufac- 





























Grinnell Corp. currently is work- 
turing techniques, availability ofjing on the Electric Energy, Inc., 
top level management and tech-/steam plant at Joppa, Ill., which 
nical personnel, the status of pres- will supply part of the power for 








ent commitments on large-scale the AEC plant at Paducah. 





Reprinted by permission — Providence Journal Co. FEBRUARY 6, 1953 


If you are a graduate 
engineer, there may be an 
unusual opportunity for 

you with Grinnell Corporation 


at Portsmouth, Ohio. 


Grinnell needs experienced 
piping and process 


equipment engineers. 


For further information, write: 
S. F. Mathes, Resident Mgr. 
Grinnell Corporation 

P.O. Box 268 

Portsmouth, Ohio 













To many people, Grinnell is best known as a producer 
of high quality pipe fittings. But there are other reasons 
behind Grinnell’s more than 100-year leadership in the 
piping field. 

The Grinnell Industrial Piping Division has pio- 
neered for years in the application of new piping 
materials, and in the development of new welding 
techniques, fabrication processes and practical shop and 
field procedures for piping in the power and process 
industries. 

Grinnell is also America’s #1 manufacturer of pipe 
hangers and supports, including constant supports for 
main steam lines operating at 1,050 F. 
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The Grinnell-Saunders Diaphragm Valve has gained 
broad acceptance in the pulp and paper, chemical, rub- 
ber, food, textile and mining industries. 

Grinnell Thermolier Unit Heaters, Welding Fittings 
and its many other piping products have been well- 
known for many years. 

Grinnell operates throughout the United States and 
Canada, with 8 manufacturing plants, 33 branch ware- 
houses and a multitude of sales offices. It is a company 
with over 100 years of experience in the piping field 
behind it, with a tremendous present growth, and with 
an exciting future for engineers who become piping 
specialists with Grinnell. 
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CUSTOM 
PRODUCTION 


Diefendorf makes gears 
on experimental and 
production contract—of 
all materials —in all 
types and sizes. Closest 


tolerances. 


A plant devoted exclu- 
sively to custom produc- 
tion. Engineering and 


design assistance. 


DIEFENDORF GEAR 
CORP. 


Syracuse, New York 


DIEFEND‘O:AF 
G E A R S 


THE ORIGINAL SWING BOOM MOBILE CRANE WITH 
FRONT-WHEEL DRIVE AND REAR-WHEEL STEER 


IKORAUNIE IKCAUR? 


MOVES LOADS 
EASIER - FASTER - 
SLASHES COST OF 
MATERIALS HANDLING 



















y/ At your service 24 hours 
every day because it is gas- 
oline-powered (no layups 
for battery charging).Works 
inside and outside your 
plant. KRANE KAR serves 
also as an auxiliary to ex- 
isting crane facilities . . . 
and as an emergency tool 
for plant maintenance. Let 
us show you. Ask for Bulle- 
tin No. 79 or for a Sales- 
Engineer. 


11%, 2%, 5 and 10 ton capacities. 





KRANE KAR handles loads at 
Sides as well as at Front. 
« 


Gas or Diesel. Pneumatic or solid 
rubber tires; 9 to 37 ft. booms or 
adjustable telescopic booms; elec- 
tric magnet, clamshell bucket, and 
other accessories available. 


SILENT HOIST & CRANE Co. 


891 63rd ST., BROOKLYN 20, N. Y. 
Eric Martin Wunsch, Il, '44 Jim Beach, li, '50 
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MECHANICAL ENGINEERING 


(Concluded from page 442) 


counterpart on the undergraduate level to sponsored 
research on the graduate level. 

As a result of closer relations between the students 
and the staff, concurrently with developments in 
academic and professional directions, the Depart- 
ment has become a more closely knit organization, 
and as a consequence, certain joint projects of mu- 
tual interest are now well advanced in the planning 
stage and will be executed as soon as the necessary 
funds are available. One of these projects represents 
a memorial to the late Professor Edward F. Miller, 
86, who for many years guided the destiny of the 
Department of Mechanical Engineering. This will 
take the form of a room established in his honor and 
suitable for small receptions, seminars, and similar 
functions. Another somewhat similar project involves 
the establishment of a Commons Room in the De- 
partment. This is to be the center of student-staff 
social relations and is to include certain recreational 
facilities, as well as the headquarters of the profes- 
sional societies now affiliated with Course II. The 
Department Visiting Committee of 1952-1953 has 
kindly consented to sponsor both of these undertak- 
ings. The Department of Mechanica] Engineering is 
making every possible effort to encourage and pro- 
vide a well-rounded education through contacts both 
within and outside the classroom. 


Conclusion 


The need for technically trained personnel to dis- 
charge their professional responsibilities, not only as 
competent engineers or scientists, but also as well- 
rounded, cultured members of a highly complex so- 
ciety, is more urgent today than ever before. It is no 
longer possible to achieve the goal of adequate educa- 
tion by the outmoded methods of yesteryear, no mat- 
ter how well such methods may have served the needs 
of our grandfathers or our fathers. Today, the educa- 
tion of the professional man must be closely inte- 
grated with life itself; it must draw its stimulation 
from all fields of human endeavor and be of the 
highest possible caliber. The professional man’s ed- 
ucation should also inspire him to expand beyond 
the restrictions of narrow, technical accomplishment 
and to make his contributions to society in the many 


ways by which he is especially qualified. This the : 


Department of Mechanical Engineering aims to 


accomplish. 


with 


VENTALARM’ 


WHISTLING TANK FILL SIGNAL: 
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Safe Fills 
No Spills 


“JUST FILL ‘TIL THE WHISTLE STOPS” 
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eee are headed for a better future 
—when you come to RCA 





If you want to work where you enjoy the 
highest professional recognition among 
your colleagues, come to RCA. Here 
your accomplishments are recognized 
and rewarded. Here your future is bright- 
er, through challenging assignments that 
lead to better opportunities, better posi- 
tions. Here you set goals for future at- 
tainment at advanced levels. 

If your talent and skill are not being 
used in a way for which your education 
and experience has equipped you, come 
to RCA. Here you will find unusual op- 
portunities to work in close association 
with distinguished scientists and engi- 
neers in research ... development ... 





RADIO CORPORATION of AMERICA 
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design ... and application of specialized 
electronic equipment for military proj- 
ects as well as for an ever-increasing line 
of diversified commercial products. 
Positions open are lifelong career op- 
portunities. They are not “temporary” 
jobs. Unlike “feast or famine” industries, 


RCA has forged ahead regardless of war 
or depression. You can continue ad- 
vanced study at recognized universities 
under RCA’s modern tuition refund plan. 
You and your family enjoy outstanding 
Company benefits. Yes, your future is 
better at RCA. 


LIFETIME OPPORTUNITIES FOR 


ENGINEERS—Electronic . . . Electrical . . . C 


Lemtian 
wrrteece 





Mechanical . .. Computer . . . METALLURGISTS and PHYSICISTS 





In Research—Develop 


t—Design—Application: in the following fields: 


RADAR ® MISSILE GUIDANCE © SERVO MECHANISMS © COMPUTERS © TRANSFORMERS AND 
COINS © NAVIGATION AIDS © TELEVISION © ELECTRON TUBES © COMMUNICATIONS 
TECHNICAL SALES © ELECTRONIC EQUIPMENT FIELD SERVICE 







Send a complete résumé of 
your education and experience. 


Mr. ROBERT E 
SPectalizea Ex 


30 Rockefeller Plaza 





Send résumé to; 





2 MeQu IsSTo N, Ma nager 


"ployment Diy 
Dept. 206F ivision, 







Radio 





Corporanon of America 





New York 20, N. ¥ 




















FINER APPARATUS FOR 
SPECTROCHEMISTRY 







33 UNIVERSITY ROAD 
CAMBRIDGE 38, MASS. 























SAVINGS FLOW 


FROM 


SPHDTAY 


PIPE SYSTEM 


EVERYTHING FOR A 
COMPLETE PORTABLE 
PIPE SYSTEM 



























FACTORY PACKAGED 

PIPE - COUPLINGS—FITTINGS 
VALVES—-ACCESSORIES 

LIGHTWEIGHT, LABOR SAVING 


immediate installation 
by one unskilled man. 24 to 30 
o. d. black or galvanized. Ready 
to lay—without delay. 
Complete inventory of all -In- 
dustrial Pipe, Valves, Fittings, 
and Flanges. 

S. G. ALBERT ‘29 


ALBERT 











SEND COUPON NOW! 
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THE PROBLEM OF 
IONIZING RADIATION 


(Continued from page 434) 


velopment of modern nuclear physics and the use of 
radioactive isotopes. 


Radioactive Isotopes — Their Nature 


All radioisotopes, including those found in nature 
and those artificially produced, have a common prop- 
erty in that they are unstable, undergoing a constant 
disintegration and change into other unstable isotopes 
and finally to stable isotopes. The radioactive emana- 
tions due to disintegration may be emitted from the 
unstable atoms or by atoms which absorb the radia- 
tion. At present the most important are the alpha rays 
or particles which are nuclei of helium atoms and 
carry a positive charge; beta rays which are high- 
speed electrons emitted by the nucleus and carry a 
negative charge; and gamma rays, electromagnetic 
radiations emitted by the nucleus. Neutrons are prod- 
ucts of a nuclear transformation and are unstable. 
There are other types of radiation emanated, namely 
the protons, positrons, x-rays, neutrons, mesons, and 
so on. The beta particles and the alpha particles, be- 
ing charged particles, are both deflected in an elec- 
trical field. Gamma rays are found to be unaffected by 
the presence of an electrical field and are observed to 
be the most penetrating of the three. The effective 
range of alpha particles in air is approximately 10 
centimeters, while that of beta particles and gamma ~ 
rays is dependent upon the energy. Thus, these rays 
may travel several meters in air before attenuation. 
Normally the alpha particles cannot penetrate 
through the dead layer of the surface skin. The beta 
particles of 1,000,000 electron-volts maximum en- 


ergy will be practically entirely absorbed in the first @ 


six millimeters of tissue. Gamma rays of the same 
energy may penetrate to a much greater depth. 
Since radioactive materials have the ability to cause 
ionization directly or by means of secondary radia- 
tion, this property can be used for their detection and 
measurement. In this way gamma rays are similar to 
x-rays which also produce ionization by means of sec- + 
ondary radiation. Similarly, neutrons produce no 
ionization directly but they eject protons from mate- 
rial rich in hydrogen. The protons ionize the gas in } 
proportion to the number of neutrons that produces 7 
them. The arbitrary unit of measurement, the roent- 
(Continued on page 448) 
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Dedicated to Research...’‘Pacemaker of Cabot Progress”’ 


Godfrey L. Cabot, Inc. announces the opening of its new Research Laboratories on 
famed ‘“‘Research Row” at 38 Memorial Drive in Cambridge, Massachusetts. The build- 
ing is a four-story red brick structure comprising an area of 26,000 square feet of floor 
space. Nine separate laboratories are included, fully equipped with standard chemical 
apparatus, physical testing devices and optical instruments for the research, evaluation 
and control of all Cabot products, and for the solution of customer problems in all fields 
of Cabot manufacture. As technical headquarters for the Cabot Companies, these labo- 
ratories also conduct the major portion of company fundamental scientific research. 

Dr. Godfrey Lowell Cabot, founder and president of the company, brought for the 
first time a scientific approach to the carbon black industry when he began manufactur- 
ing operations in Worthington, Pennsylvania, in 1882. Today the Cabot Companies are 
the world’s largest producers of carbon black and manufacturers of plasticizers, pine tar 
products, coke, charcoal, wollastonite, clay, natural gas, natural gasoline, gun tubes and 
oil well pumping equipment. Producing operations extend throughout the southwestern 
part of this country to Canada and to England. 

In addition to the new Cambridge laboratories, technical facilities include central 
laboratories at Pampa, Texas, and quality control laboratories at individual plants. 
‘Product performance in customers’ plants is checked by a staff of trained technologists, 

providing constant contact between the 
consumer and the laboratories, and facilitat- 
ing exchange of information and service. 


GODFREY L. CABOT, INC. 


77 FRANKLIN STREET Boston 10, Mass. 
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e 
Additional Manufacturing gen, is used to express the resulting ionization caused 


- by the radioactive emanations. The activity of the 
Capacity radioactive material also may be expressed by the 
amount of disintegration the material undergoes in a 

given period of time. 
CALL IN Another arbitrary unit of measurement, named in 
honor of the Curies, is primarily used to express the 
L i & U i B- intensity of the radiation based on the disintegration 
Ss of its atoms, and may be applied to all radioactive 
CONTRACT MANUFACTURING DIVISION materials to express the amount of disintegration. The 
unit, one curie, has been defined as that activity due 
to 37 billion disintegrations per second. Since the vari- 
ous radioactive substances disintegrate at different 
but definite rates, a convenient expression termed the 
“half life” is used to designate the time in which radio- 
active substances will disintegrate to 50 per cent of 
that which existed at any given time. For instance, the 





<—@® Capacity and manpower avail- 
able on Machine Shop, Sheet Metal and 
Woodworking facilities for industrial or 
defense contracts. 


poate alain oa _ — 0 half life of radium is approximately 1,600 years. In 
fecilitiee ee ee ee ee 1,600 years, 50 per cent of the original amount ot ra- 
; dium will remain. Likewise, the half life of radioactive 


phosphorus is 14.3 days. 
Approximately 250 isotopes occur in nature, while 








Contract Manufacturing Division approximately 800 artificially produced isotopes are 
known. The term isotope is derived from the Greek 

THE LIQUID caRnsonte CORPORATION “. P ” i I “< » 
3100 South Kedzie Ave. Chicago 23, Illinois word “isotopos” which means “same place.” In other 


Manufacturers of Brewing and Bottling Machinery, Soda Fountains, Gas words, an isotope of an element occupies the same 

ee oe at Se a ene oe position in the periodic table as the element, and has 
biel the same chemical properties but different physical 
property, namely, stability. These isotopes have the 
same atomic number as the element but a different 
mass number. The isotopes usually cannot be sepa- 
rated chemically, but some method which makes use 
of various physical properties is used. An example 
would be the separation of the isotopes by means of 
an electrical field or by diffusion. 


Radioactive Isotopes— The Injury Experience 





The first recorded injuries were due to lack of 
knowledge, improper handling, and misuse of the nat- 
ural radioactive elements uranium, radium, and meso- 
thorium. Most of the early cases reported, involving 
the use of these substances, consisted of blood changes 
and burns. There were several deaths, particularly 


These Choppers convert low level DC 
into pulsating DC or AC, so that servo- 
mechanism error voltages and the out- 
put of thermocouples and strain gauges 
may be amplified by means of an AC 
rather than a DC amplifier. They are 
hermetically sealed, precision vibrators 
having special features which contrib- 
ute to long life and low noise level. 









of a new type of radiation injury due to the use of 
(Continued on page 450) 
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among research workers. In 1923-1924, the first cases, 
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WE STON E. without any compromise! 


Instrument " 
* / 


have EXCLUSIVE ‘| 














No desirable instrument features were sacrificed in 
order to produce these truly ruggedized and effec- 
tively sealed instruments. With typical WESTON thor- 
oughness, every feature has been retained including 
even the zero corrector. And true ruggedness has been 
achieved by new but thoroughly proved design con- 
cepts, such as shock-resistant spring backed jewels 
. . . flat windows of tough, anti-static, and glare re- 
ducing plastic... new high-strength tubular pointers, 
and a method of shock mounting and sealing that 
assures accurate indications under extremes of shock, 
vibration, temperatures, humidity, and downright 
abuse. Available in 24%” and 342” D-C, R-F, A-C 
movable iron and rectifier types. WESTON Electrical 
Instrument Corporation, 614 Frelinghuysen Avenue, 


Connection terminals molded 
into internal rubber 

increase current carrying 
capacity. 








Newark 5, New Jersey. 


Tough, flat plastic windows *) a 
reduce glare and are Y, 





really shock resistant. 
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MACHINES WITH NERVOUS SYSTEMS 


The brute muscle of yesterday’s 
machines is today finely controlled 
by new and ingenious instruments 
with the ability to sense and re- 
spond. The men of DOELCAM—en- 
gineers and production specialists— 
are contributing to this important 
development. Prominent among 
them are MIT alumni. 


N. O. Clark ’27 
J. E. Egbert °44 
J. R. Gray *40 

oo We are always pleased to discuss 
J. A. Maynard "46 career opportunities with MIT men. 
R. E. Quinlan °30 
W. A. Rote 42 

P. Samuelson °32 
G. J. Schwartz °42 
M. P. White “31 “D)gelcams CORPORATION 


J. J. Wilson ’29 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 
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SUCCESSFUL EXECUTIVES 


do not become involved in detail. They have 
learned to delegate such duties to others. 
They concentrate on those broad matters 
which need their particular attention. 

Such an executive usually — these 
same principles to his personal affairs. By us- 
ing our Agency Service, he can free his mind 
of investment cares, relieve himself of the de- 
tails of cutting coupons, making out income 
tax returns, watching for called bonds, stock 
rights or conversion privileges. He can dele- 
gate full or partial responsibility of manag- 
ing his investments to us, under a flexible ar- 
rangement made in accordance with his per- 
sonal desires. 

We will gladly explain how our Agency 
Service can serve you. Our booklet on this 
subject will be mailed on request. 
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radium and mesothorium in luminous paint became 
known. This involved the destruction of the bones of 
the jaw, followed by suppuration which was at first 
thought to be the phossy-jaw injury seen among 
match workers. Most of those affected were women 
who had worked with the luminous paint while apply- 
ing this paint to figures on watch, clock, and instru- 
ment dials by means of a camel’s hair brush. The 
women habitually shaped and pointed the brushes 
with the lips and tongue. This unsafe working practice 
resulted in the ingestion of small quantities of the 
radioactive paint. In Europe, where a similar opera- 
tion was carried on, a pointed stylus was used instead 
of the brush, and there were very few cases of radium 
poisoning since it was not necessary to shape the tip 
of the brush. Examination of the people affected 
showed that, in addition to the bone injury, there were 
blood changes and cancer growths. By 1934, death 
occurred to 23 of these women. The inventor of the 
painting formula used by the particular factory where 
these cases appeared, died of aplastic anemia. Due to 
the relatively high frequency of radium-poisoning 
cases, a special study was made in this country. The 
investigation resulted in the development of a code 
for the safe handling of radium compounds. At pres- 
ent, there are three companies in the Commonwealth 
of Massachusetts engaged in the use of radioactive 
luminous compounds. These companies are very co- 
operative and have complied with all the regulations 
of the state code, which stipulates engineering and 
medical controls as well as safe working practices. 
The intense ionization of air produced by alpha 
particles, particularly from radium, has found an im- 
portant use in industry because of its effectiveness in 
eliminating static electricity from moving paper, tex- 
tiles, plastic sheeting, and so on. Since the half life of 
radium is about 1,600 years, its action may be con- 
sidered permanent as far as industrial installation is 
concerned. To date the Division of Occupational 
Hygiene has investigated the use of over 275 units in 
some 85 industrial establishments in the Common- 
wealth. The instrument used for eliminating static is 
known as the Ionotron Static Eliminator and consists 
of a radium salt uniformly distributed throughout an 


extremely thin metallic foil (usually gold) welded to a’ 


heavy metallic nonradioactive backing. The metallic 
(Continued on page 452) 
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The P-38 Lightning — first 400 mile 


It’s your aptitude, your knowledge of engineering principles, per hour fighter-interceptor, the 
“fork-tailed Devil’ that helped 
your degree in engineering that count. win World War I. 
Those—plus the opportunity Lockheed is offering you—are all you need for a This Plane is making History 


Career as an aircraft engineer. In Lockheed’s special program for engineering 
graduates, you may go back to school, or you may convert to aircraft work by 
doing —on-the-job training. But whichever it is, you receive full pay while learning. 
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If your Placement Officer is out of the illustrated brochures describing living and 
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(Continued from page 450) 

foil serves as a mechanical bonding medium for the 
radioactive material and also as a seal to prevent the 
escape of radon gas. The alpha radiation is emitted 
directionally, creating an ionized zone in the region of 
the electrostatic charge, so that it is conducted away 
from the material being processed. The effective 
range of alpha rays is less than three inches and, as 
previously stated, will not penetrate the skin to any 
great extent. However, the static eliminator produces 
radiations such as beta and gamma rays which may 
cause injury to an employee if precautions are not 
taken. The Massachusetts Division of Occupational 
Hygiene has an arrangement with the manufacturer 
of these units and is notified of any new installations 
in the Commonwealth. When notified, a survey is 
made by the Division to determine whether or not 
the potential hazard is satisfactorily controlled. 

The use of the artificial radioisotopes has increased 
greatly in the past five years since their release by the 
Atomic Energy Commission. The Commonwealth of 
Massachusetts is the second largest user of radio- 
isotopes in the country. At the request of the Atomic 
Energy Commission, a joint survey was conducted by 
the Division of Sanitary Engineering, State Depart- 
ment of Public Health, and the Division of Occu- 
pational Hygiene, State Department of Labor and 
Industries. There are approximately 40 users of radio- 
isotopes in Massachusetts. Most of the users are hos- 


pitals and educational institutions. There are very few 
industrial establishments using radioisotopes at pres- 
ent. A small amount of radioisotopes is produced by 
the cyclotrons at Harvard University and at M.I.T. 
A great amount of research is being done with radio- 
isotopes, particularly in educational institutions and 
hospitals. Usually the amounts handled are tracer 
quantities and offer no serious hazards to those han- 
dling the materials. Some of the hospitals use larger 
quantities in therapeutic work. In industry one com- 
pany in Massachusetts is the bulk receiver of various 
radioisotopes and subdivides the radioactive material 
received from Oak Ridge into desired quantities as 
specified by the purchasers. Occasionally a high in- 
tensity of Co® is used as a reference source in the 
manufacture of various scientific instruments. Radium 
can be used for this job also but is much more expen- 
sive than the Co” in the same intensity. 

At least 95 per cent of the radioisotopes are handled 
in laboratories, only a few of which have been de- 
signed to handle high-intensity materials. Special 
safety programs and safeguards should be utilized, 
consisting of special hoods, remote handling devices, 
and suitable protective clothing, and so on.{ Arrange- 
ments must be made for the proper disposal of the 
waste by storage, burial in the ground, or dumping at 
sea. In the future it is expected that many more indus- 
trial establishments will utilize radioisotopes in re- 
search, as reference sources and in the products 

(Concluded on page 454) 

t The safety program in force at M.I.T. is described by Har- 
riet L. Hardy, “An M.I.T. Enterprise in Occupational Health, 
The Technology Review, 55:315 (April, 1953). 
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THE PROBLEM OF 


IONIZING RADIATION 
(Concluded from page 452) 


manufactured. To date some plants have produced 
thickness gauges using radioactive sources, particu- 
larly those that emit beta rays. 

Since the discovery of ionizing radiation some 50 
years ago, the various ways to which this phenomenon 
has been put to use have resulted in not only great 
benefits to society, but have also brought with it injury 
and death. The unfortunate experiences of those who 
have suffered have served as a fountain of experience 
for the promulgation of controls necessary for the 
proper guidance of those who, in the future, may be 
exposed to this serious hazard. The injury experience 
can be reduced to a minimum, as was accomplished 
by the Atomic Energy Commission while engaged in 
the handling and use of materials emanating very high 
intensities of ionizing radiation. 
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ROCKFORD TRUST BLDG. ROCKFORD, ILL. 


C. N. Dees 735 








THE KULJIAN CORPORATION 
Consultants @ Engineers @ Constructors 


UTILITY e INDUSTRIAL e CHEMICAL 
1200 N. Broad St., Phila. 21, Pa. 


MEXICO CITY + CARACAS + MADRID « ROME «+ ATHENS + TOKYO 
* CALCUTTA «+ 


H. A. Kuljian "19 A. H. Kuljian °48 


Moran, Proctor, Murser & RUTLEDGE 
CONSULTING ENGINEERS 


Foundations for Buildings, Bridges and Dams; 
Tunnels, Bulkheads, Marine Structures, Soil Studies and 
Tests; Reports, Design and Supervision 


Witutiam H. Mueser °22 Pup C. Rutviepce °33 








FABRIC RESEARCH LABORATORIES 


Incorporated 


Research, Development and Consultation 
for Textile and Allied industries 


665 Boylston Street Boston, Mass. 


W. J. Hameuncer, ‘21 K. R. Fox, "40 E. R. Kaswei, °39 


CuHarces A. Macuimme & AssociaATEs 
ENGINEERS 


PROVIDENCE Boston 








JUNE, 1953 





GILBERT ASSOCIATES, INC. 
ENGINEERS AND CONSULTANTS 
Malcolm G. Davis "25, Vice President Allen W. Reid “12 E. C. Edgar ‘35 
Steam, Hydro, Diesel Power Plants; Industrial Structures; 
Plant Safety, Labor Relations, Utility Rates, Valuations, 
Reports; Large Scale Purchasing; Industrial Laboratory 


New York, N. Y. Reading, Pa. Washington, D. C. 
Philadelphia, Pa. Houston, Tex. 





Cohasset 4-1020 Hingham 6-2360 


FRANK MASSA 
Electro-Acoustic Consultant 


5 Fottler Road 


Hingham, Massachusetts 


373 Atlantic Avenue 


Cohasset, Massachusetts 
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ATLANTA, GA. 





With each new fibre comes an opportunity 
to builders of textile machinery. The Draper 
XD Loom is a model of versatility, primarily 
designed for weaving filament rayon and 
acetate. It now handles equally well newer 
science fibres, either filament or staple. 

Nylon, dacron, orlon or acrilan fit this loom 


like a glove. A wide range of other fabrics, 
even including blends which require filling 
mixing, can also be woven. 

By enabling one weaver to run as many as 
80 looms, with speeds up to 192 picks per 
minute, the XD Model provides the answer to 
high production and top quality weaving. 


Draper Looms Produce More Cloth at Less Cost Throughout the World. 


DRAPER CORPORATION 


HOPEDALE, MASS. 


SPARTANBURG, S. C. 
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HY-PRO 
SPECIALIZES 
IN TAP 
ENGINEERING! 


...f0 give you better prices and service 


Tap production is specialized at Hy-Pro. Because taps make up the 
great portion of our output, it enables our engineers to constantly 
direct their technical know-how and creativeness toward the per- 
fection of this one important line. Such close attention to every 
phase of tap design and production has helped build Hy-Pro’s repu- 
tation as the “tap specialist.” 














en, 











These engineers are always ready to help you with any problem— 
from a special need to one in your regular operation. 


Call or write us today. Hy-Pro’s full line of taps is backed by the 
proven reputation and experience of these engineer specialists. 





yf 


f 





HY-PRO TOOL CO., NEW BEDFORD, MASS., U. S.A. 





ADDITIONAL WAREHOUSES: 6046 College Ave. 10428 W. McNichols Rd. 6141 North Elston Ave. 
OAKLAND 18, CALIF. DETROIT 21, MICH. CHICAGO, ILL. 
Piedmont 5-4337 University 4-1077 Newcastle 1-6486 
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TWO or THREE TERMINAL MEASUREMENTS 


of Capacitance, Dissipation Factor 
and Dielectric Constant 


FROM 60 CYCLES TO 100 KILOCYCLES 


The Type 1610-A Capacitance Measuring Assembly ig 
a well integrated group of instruments for highest accuracy 
in capacitance and dissipation factor measurements. For 
convenience in use, the individual units are assembled in 4 
standard bench-type cabinet-rack, complete with all inter. 
connections. 


Type 1302-A Oscillator... features extremely wide frequency 

range of from 10 cycles to 100 ke and excellent frequency 

stability. 
Semt-logarithmic frequency selector eliminates crowding at log 
frequencies, enables precise settings at all frequencies — free 
quency calibration is = (144% + 0.2 cycles) — harmonig 
distortion is less than 1% at all frequencies — as much a 
80 milliwatts is obtainable into 5000-ohm load — voltage 
regulation eliminates effects of line-voltage transients. 


Type 1231-BRA Amplifier and Null Detector with Adjustable 50 cycle te 
100 ke Filter... can be operated as either a linear amplifier 
for general-purpose laboratory use or as a logarithmic am- 
plifier for null detector use in bridge measurements. 


Labeled pushbuttons select linear or semilogarithmic operation 
and determine input attenuator value — maximum gain of 
83 db at 1 kc with 1 megohm load — high null-detector sensition 
ity; less than 100 wv input gives 10% meter deflection at 1 ke 
aural or visual indication of bridge balance — harmonics and 
noise eliminated by the Type 1231-P5 Adjustable Filter. 


Type 716-P4 Guard Circuit... supplies a fifth point to conven- 
tional four-arm capacitance bridge network. Stray capaci 
tances referred to this point are completely eliminated 
from measurements . .. making possible determination of 
direct impedance between two points of a three terminal 
network. 
Four pairs of ratio arms provided for convenient direct-reading 
operation at 100 cycles, 1 kc, 10 kc, and 100 ke — variable aire 
capacitor is built into circuit for use in substitution measur 
ments — special double-shielded leads for all connections bes 
tween guard circuit, bridge and unknown — all componen 
which might contribute capacitance to ground are mounted if 
shielded compartment connected to the guard point. 


Type 716-C Capacitance Bridge ...the heart of the measuring 
assembly. This instrument is used the world over for capac 
itance standardization and dissipation factor measure- 
ments. It also measures inductance, storage factor and 
characteristics of resistors by substitution measurements. 
Wide capacitance range of 100 uuf to 1 uf, direct reading, ab 
1 kc — direct reading in dissipation factor from 0.00002 t@ 
: 0.56 — accuracy in substitution measurements is +0.1% of 
Type 1690-A Dielectric Sample Holder is an +0.5 uuf, whichever is the larger — precision capacitor worme 
—— device which is readily attached to the correction is supplied at extra charge enabling accuracies of 
citance Bridge terminals. This addition makes +0.1% or +0.2 uuf — this bridge is easy to operate — ratio 
pessistepessurement of Gelectsie constent ond arms, transformers, and unknown terminals are come 
joss of prattically any solid dielectric. The sample rr 
holder's 2’’ diameter electrodes are ground optically pletely shielded, 
flat and are micrometer driven far utmost accuracy. Type 1610-A Capacitance Measuring Assembly 


The instrument is rugged, wellMgielded and useful , i 
at all frequescies to 100 Sc and higher. : Complete and ready for operation........ ..$1850.00 


Additional Price $395.00 


Admittance Meters % Coarial Elements % Decade Capacitors 

ts) Decade Inductors tt Decade Resistors * Distortion Meters 

G F N F i” A [ R A D 0 C t] m pa n y Frequency Meters % Frequency Standards % Geiger Counters 

Impedance Bridges *% Modulation Meters * Oscillators 

275 Massochusetts Avenue, Cambridge 39, Massachusetts, U.S.A. Variacs tr Light Meters t Megohmmeters % Motor Controls 
90 Weat St. NEW Yoan é 92 S. Michigan Ave CHICAGO 5 N.S rd St. LOS ANGELES 34 

Noise Meters *% Null Detectors *% Precision Capacitors 

Pulse Generators tx Signal Generators t& Vibration Meters %x Stroboscopes %x Wave Filters 


U-H-F Measuring Equipment % V-T Voltmeters % Wave Analyzers % Polariscopes 














